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Chapter 1 
INTRODUCTION 
Introduction 
The Study 
Planning the Development of South Dakota water and related land 
resources is an important and difficult task which requires integration 
of a large amount of basic data. Planning also implies projecticn of 
future conditions for de.cision making. Accomplishing the planning 
process normally requires analysis of many alternatives which requires 
the combination and recombination of the basic data. 
This study inventoried the present'!y ~.vailable data on water 
supply and water demand in western South Dakota. The data was 
organized around a central data framework based upon the Leonteif 
input-output model. This data org~niza.tion concept requires a complete 
accounting of water supply and use. A mass balance constraint is 
applied to each element in the system, i.e. all water received (input) 
by an element must be discharged (output) by the. element. 
In addition, considerations which are unique to the western South 
Dakota problem area were incorporated into the analysis. Water quality 
and minimum instream flow requirements for environmental maint nance 
were included into the water resource system analysis. 
Because available data has not necessarily been collected for 
similar application, the level of detail is rarely comparable. Thus 
it is highly desirable to be able to aggregate data to a common level 
1 
of detail for comparison and analysis. The input-output concept permits 
this aggregation to be accomplished in a straight forward and simple 
manner. The primary foci of this study are summarized in the objectives. 
.Obj ecti.ves 
1. Classify water demands into related categories for summariza-
tion and make projections of these demands for the next 50 
years. 
2 
2. Organize available data around a framework which permits 
meaningful comparisons between data of varying levels of detail. 
3. Incorporate instream flow ~equirements and water quality data 
into the water resource system analysis. 
4. Determine the present water supply..:.dettand problems in 
western South Dakota. 
5. Evaluate the input-output model as a tool for analysj_s of 
fut.u-re South Dakota wa.ter supply...:.demand problems. 
For evaluation of input-output· model application the Cheyenne River 
Basin was used. This was considered a good choice because the Cheyenne 
Basin, the most highly developed basin in 1;..restern South Dakota., contains 
30 percent of the land area in the study area, 65 percent of the popula-
tion, and use 69 percent of the water diverted for beneficial use. 
Even though system complexity is not a dominating characteristic 
of South Dakota river basins, water shortages and problems do occur and 
the input-output model could be used to analyze these problems and 
.Proposed solutions. In addition, the input-output model provides an 
organizational tool which can be used as a framework for data acquisi-
tion and analysis as well as provide a common format for all gr oups 
concerned with the planning of water resource development. 
Organization of Study 
This study is part of a current investigation of water supplies 
and demands under the _auspices of the U.S. Army Corps of Engineers, 
Omaha District. The author of this report directed the efforts of a 
Water Resources Research Institute study team at South Dakota State 
University. The detailed data elements are assembled in a series of 
technical appendices entitled the Reconnaisance Elements of the Western 
Dakotas Region of South Dakota Study. 
Appendix A: Water Supplies: Quantity and Quality Analysis 
Appendix B: Rural and Agricultural Hater Use, 1980-2030 
Appendix C: Municipal and Light Industry \vatar Use, 1980-20.30 
Appendix D: Large Industry and Ene!'gy Hater Use, 1980-2030 
Appendix E: Envircnmental Analysis 
Appendix F: Institutional Analysis 
At later points i .n this report this series will be re.ferred to collec-
tively as the Reconnaissance Report, 
3 
\ 
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Chapter 2 
REVIEW OF LITERATURE 
Review of Literature 
Data Sources 
Several agencies and levels of government have been involved in 
the analysis of South Dakota water resources. The 1972 South Dakot:a 
legislature authorized the South Dakota ~-later Plan (SDWP). Resource 
Inventories for each river basin within the state have been prepared 
by the Department of Natural Resources 1 (SDWP, Vol. II-B). 
The State Water Plan (II-E and F, 1978), by assuming a linear 
grol~th pattern, projected a 56 percent· increase in water consumption 
by the year 2000. The base year for that study was 1975 as opposed 
to 1980 for this study. A comparison of base year and year 2000 
figures for the study area shows comparable numbers. The large dif-
ference in evaporation totals is due to the use of gross figures in 
the South Dakota Water Plan and net figures in this study (Table 1). 
The subdivision of water uses and hydrologic basins of the South Dakota 
Water Plan have also been adopted with minor modification for this 
study. 
lbe Missouri River Basin Co~~ission is t:he .umbrella organization 
which provides the large scale coordination of water resource planning 
in the study area. General planning guidelines are presented in the 
Missouri River Comprehensive Framework Study (Vol. 1, 1971). Baseline 
water and related land resource information is updated periodically by 
Missouri River Basin Commission publications. 
1 . 
Now part of the Department of Water and Natural Resources 
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Table 1. A comparison of water use projection for western South Dakota. 
Rural Municipal & Large 
Irrigation Dt.,mestic Stock ·water Evaporation 
a 
Industrial Industry Total 
SDWP, 1975 198,200 4,300 17,300 (289,800) 16,400 22.,100 258,300 
WSD, 1980 226jl00 3.,500 15,800 (170,400) 18,000 37,000 300,400 
SDWP, 2000 478,300 6,100 20,100 --- 20,300 33,100 557,900 
WSD, 2000 422,800 4,300 19,900 --- 23,200 40,500 510,700 
aEvaporation not included in totals. 
Note: Missouri Hains tern . is not included to make areas compara::le.," all values in acre feet/year. 
"' 
Other studies directly concerned with western South Dakota include 
a cooperative study conducted by the Soil Conservation Service (SCS, 
1.979) and the West River Aqueduct Study (1978). The SCS study was con-
cerned with the development of water ~nd land resources but especially 
those involving land use alternatives. Streambank erosion and field 
erosion as well as improper range land management, inadequate rural 
water supplies, and inefficient irrigation management were identified 
7 
as problems of concern in western South Dakota by the SCS. An upper 
limit on additional irri gation development was established at 108,100 ha 
(267,000 acres) as a constraint on the linear program the SCS used to 
evaluate economic alternatives. These constraints were based upon 
water availabili ty wi th only 32,200 ha (82,000 ~cres) irrigable from 
presently available ground and surface water supplies. Additional 
development would require additional storage of surface waters or 
utilization of Missouri mainstem reservoirs as a supply. 
The West River Aqueduct Study made route evaluations for a proposed 
pipeline to deliver industrial water to east~rn Wyoming. The portions 
of this report specifically pertinent to the Reconnaissance Study dealt 
with the evaluation of ru:&.~al domestic and municipal needs. Est imates 
of from 17.3 bm3 (1Lj,OOO acre feet) to 21.0 hm3 (17,000 acre feet) would 
be demanded by municipal and rural water systems in western South Dakota. 
The U.S. Geological Survey (USGS, 1975) reported a breakdown of 
general water use cha-racteristics in western South Dakota. According 
to that analysis, in the year 1970 surface sources provided 73 percent 
of total water used. Ho·(.;ever, nearly 80 percent of the municipa 1 and 
rural domestic needs were served by 8roundwater. Approximately 
8 
65 percent of the total water used at that time was for irrigation. 
Groundwater aquifers of generally low quali.ty predominate in 
western South Dakota according to the USGS (1975), although some possess 
considerable geothermal energy. Economical methods to desalinize and/or 
use this thermal energy would make a new water supply available for 
future use. Surface water supplies in western South Dakota are 
unreliable but pipeline delivery of Missouri Mainstem water is not 
economically feasible in many cases because of low user density and 
distances from rhigh quality sources. 
Ener y development may provide a new market for water which could 
solve th~ delivery cost problems and make projects such as the West 
River Aqueduct feasible. A Water for Energy report (USD!, 1977) 
projects a possible high demand of 863 hm3 (700,000 acre-feet) for 
energy related needs in an area including and surrounding western 
South Dakota. Meeting such demands would require interbasin transfer 
of water or large scale development of ground'tvater aquifers. 
Other subbasins in the Missouri River Basin also face problems of 
water supply and face possible future shortages. The South Platte River 
Basin which includes the Denver urban area has been analyzed by use of 
an input-output model. Hendricks (1977) has extended this concept to 
various levels of analysis from river basin to the city of Ft. Collins, 
Colorado. The following section is a review of the Hendricks input-
output model and the application thereof in the South Platte Ri ver Basin. 
· · Input..;.Otitput Hodeling 
Hendricks and Morel-Seytoux (1Y78) have thoroughly investigated the 
9 
inpt:t-output model for various water resource applications. Implicit 
in their continuing discussion is the need to understand the process 
of internal transfers for a full understanding of system operation. 
Leonteif (1966), upon whose economic model the Hendricks version is 
based, had this _ to say about the input-output analysis, "the advantage 
of the input-output analysis is that it permits the disentanglement 
and accurate measurement of indirect , effects." 
The basic methouology for use of the input-output modeling tech-
nique for water planning was ·demonstrated by application to the South 
Platte (Hendricks, 1977). A primary feature of this model is the data 
organizational framework. All data is organized around a mass balance 
concept regardless of the level of detail. Each water supply or demand 
is characterized by the water volume "i_nput" to it or "output" from it. 
Mass balance is maintained by constraining inputs to equal outputs. 
The choice of sectors is an important task upon which the model 
depends. Sectors are the general categories into which water supplies 
and demands are quantitatively summarized. Each element of the system 
is characterized not only by the volume of water input or output but 
also by the source of the inputs and the destination of the outputs. 
Input l 1 ~ECTOR : A Output 
:---------~~-----E-L_EM __ENT ________ ~------~:~~Destinations Sources 
10 
Description of a sector is accomplished by aggregating sector 
elements. Choice of sector detail is dependent upon the size of the 
system, i.e. the number of sectors and sector elements, and the 
resolution of data available. In the case of a river basin, geographic 
detail as well as element identification is diminished by sector 
aggregation. 
Geographic resolution is determined by the choice of geographic 
subareas; each sector is aggregated within a common su~area to represent 
the sector within that area. · Natural water supplies and storage reser-
voirs are often the determinants used to define geographic subdivisi~ns. 
The model strategy is to play water supplies against water demands and 
to analyze the supply-demand relationship. The choice of demand sectors 
and supply sectors is made in a manner which best explains the supply-
demand relationship at a particular level of detail. 
Describing the inputs and outputs for a single element can be 
accomplished diagrammatically. Water inputs enter the element "scene" 
and the outputs exit the scene (Figure 1). It is appropriate to speak 
of entries and exits when describing a single element because system 
interrelationships are not part of an element characterization. The 
element has, in a sense, been plucked from the system for graphic 
description. 
As data is aggregated, element detail is lost as internal operating 
detail is masked in "black box" fashion by describing a sector by its 
inputs and cutputs. 
Choice of sectors should minimize the system interchanges between 
elements within a particular sector. For example, a municipal sector 
• 
I 
GROUND WATER 
EDGE1·llJNT 
ATER SUPPLY 
L FRESHWATER 
CONSUMPTIVE 
P--- AT~~OS?HERE 
EDGE:!ONT 
TREA·n t8IT LAGOON 
E\IAPCRAT:::ON 
._ SEE".,P AGE 
TO LAKE 
t)SE 
ENTRXES 
257.92 
27.2m 
285.12 
EXITS 
51.59 
51.59 
73. B 
1B8.16 
285.12 
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Figure 1. Water balance for typical input-output element, Edgemont 1980 
12 
would have a consistent set of competition standards among its indivi-
dual elements which '\vould depart quite distinctly from those of an 
irrigation sector; thus system interrelationships could be analyzed by 
varying the allocation and interchanges among the various system sectors. 
What the i~put-output methodology represents is a data organiza-
tional technique which permits individual elements to be described and 
larger groups called sectors to be described by aggregating the elements. 
All levels are constrained to inputs equal outputs. 
A sector both inputs and outputs water from the system; thus to 
describe the system .relationships it mu~t operate both as a supplier and 
receiver of water, i.e. both a supply source and a demand destination. 
System interrelationships might be illustrated diagra~~atically by 
including several sectors in the same ~iagram. How~ver, diagrammatic 
complexity and computational inefficiency limits the utility of such 
an approach (Figure 2). 
Arraying the sectors in a matrix is the method adopted by Hendricks 
(1977) to illustrate the South Platte River Basin systetn. All sectors 
are cpnfigured as supplies and demands with the exception of sectors 
such as precipitation and imports via interbasin transfer which ar-
supplies only and referred to as origins. Similarly, river outflow 
and evaporation are exits from the system and appear only as demands. 
The input-output methodology developed ?Y Hendricks has been 
applied at various levels of detail. Bengoechea (1979) has pre ented 
a concise and instructive description of these principles in an appli-
cation to the Ft. Collins city water system. A schematic matrix ad pted 
from Bengoechia is presented in Figure 3. This matri~ does no~ use 
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Figure 3. Schematic input-output matrix and representational outline ,_ 
~ 
specific names for the sectors but the cycling (input-output) of a 
representative unit of water is illustrated by lines. In a numeric 
matrix, water volumes would be placed at supply-demand intersections 
to quant1.fy the exchange. The South Platte model used acre-f~et for 
a one-year period as the common data unit. A general indication of 
system complexity is the number of cycles a unit of water makes before 
exiting the system. Water is reused py one sector if retttrn flows 
from another sector is the source of supply. The South Platte Basin 
demonstrated a reuse factor of 2.5, that is water was well used and 
system interdependence has reached a high level of development with 
each water being used 2.5 times before exiting the system. 
15 
The representational outline of the schematic matrix with suggested 
sector names is not designed to be exhaustive or to represent an actual 
condition but only to permit the reader to gain some familiarity of 
how water system relationships can be "pictured" in an input-output 
matrix. Actual matrices developed for the Cheyenne River Basin appear 
later in this report (Figure 12, p.80 ) 
· ·Projection · Scertarios 
One of Hendricks' objectives was to understand the present condi-
tion, but a projection of future conditions was also desired. To do 
this, projections of future development and attendent water use demand 
were made for each sector. A range of projections was constructed for 
each sector which could be characterized as low, medium, and high 
developme.nt. 
The supply system is highly developed in the S0uth Platte. and a 
lar ge amount of system storage exists such that water can be made 
available at th2 time of use. The construction of a model future 
scenari o requires assumption of a "scenari.o set" to represent the 
future determinants. That is, development levels and operating 
character istl(!S must be chosen for each sector. These demands are 
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then played out in the model construct against the existing supplies. 
Water shortages lvould indicate system accommodations are necessary. 
This might require development of new water sup?lies, increasing reuse, 
wate r conservation, or some c.ombination of these or other possible 
solut ions. The input-output model quanti f ies the amount, location and 
effect of s'uch system changes. 
Changing the "scenario assumption set" permits description of a 
range of e.lternative futures~ The an~lysis of system potential to 
satisfy future water demand is the goal of this application to water 
resource modeli~g. Thus the timing of new projects and the effects of 
urban encroachment upon irrigated land were primary concerns in the 
South Platte Basin. 
17 
c.hapter 3 
CONTEXT OF STUDY 
. 18 
Context ·of ·study 
Study Area 
The western porti.ons of South Dakota are characterized by broad, 
rolling plains interrupted by deeply incised river valleys flowing west 
to east to the Missouri River. The major rivers from north to south 
are the Grand, Moreau, Cheyenne, Bad and White rivers; in addition, the 
Little Missouri and Keya Paha/Ponca Cr~ek drainages remove water from 
the state by flowing across state boundaries on the way to the Missouri 
River. Small portions of north central South Dakota (Cannonball River 
Basin) drains into the Cannonball River in North Dakota. 
The unglaciated plains of w·estern South Dakota are interrupted at 
the western edge by the Black Hills. The Black Hills uplift, which 
reaches a maximum elevation of 7242 feet at Harney Peak, is encircled 
by the Upper Cheyenne and the Belle Fourche River, a major tributary 
of the Cheyenne. 
The Black llills is characterized by rough terrain, pine forest, 
and fast flowing streams which drain the mountainous area into the 
branches of the Cheyenne surrounding the Black Hills. The upland areas 
of the Plains have occasional buttes and areas of deeply eroded "bad-
lands." The most prominent area of badlands is near the turn of the 
White River as it changes its course from southwest by northeast to 
generally west to east in eastern Pennington County. The more 
picturesque portions are now part of the Badlands National Monument. 
The.geographical area considered in this study is commonly referred 
to as "West River" in South Dakota. This included all the land area 
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within South Dakota political boundaries west of the shores of the 
Missouri Mainstem reservoirs (Figure 4). 
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The \Jestern South Dakota study area lies wholly within the Missouri 
River Basin. The Missottri River Basin is divided into eight hydrologic 
sut)basins (U.S. Water Resources Council, 1974). All but a small portion 
of the study area is contained in the Western Dakotas Subbasin of the 
Missouri River (Figure 5 } • 
The name similarity is a potential area of confusion because the 
Western Dakotas Subbasin is used as a data aggregation unit in Missouri 
River Basi~ Commission ()977) planning documents. It should be noted 
tb.at nearly all of the energy development areas of North Dakota and 
eastern Wyoming are included in the Western Dakotas Subbasin, thas 
projections produced for the study area are a subset of the ~..res tern 
Dakota Subba~in which is not representative of the basin as a whole. 
Missouri Nainstem reservoirs have been specifically excluded from 
the study area, although the stored water is considered a potential 
source for . interbasin transfer to river basins within the 1.-lest River 
study area. A hydrologic subdivision of western South Dakota based upon 
the South Dakota \.J'ater Plan (Volume II-E and F, 1978) in which each of 
the rivers was given a "basin" name was adopted for this study. The 
.Hydrologic Unit Hap {JJ.S .. Water Resources Council, 1974} was used to 
app~rtion county area {)970 Census) to each river basin. The area of 
each basin is contained in Table 2. The numbering of the basins as 
based upon procedural requirements and no significance should be 
att:t:ibuted to the nu~erical designat:f.ons. 
To establish a basis for data refinement some of the basins were 
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Table 2. Drainage areas of western South Dakota river basins 
Geographic 
Area 
GJW.."'D RIVER BAS IN ( 1) 
· Upper Subbasin (lA) 
Barding 
Perkins 
Lower Subbasin (lB) 
Corson 
D~ey 
lerldns 
Zicbach 
TOTAL 
WHITE RIVER BASIN (2) 
Mainstem Subbasin (2A) 
Jennett · 
Fall River 
Jackson 
Jone11 
Lyraan 
Mellette 
Pennington 
Shannon 
Todd 
Tripp 
Washabaugh 
County I 
Aree.-hectare 
695,190 
742,607 
657,101 
631,4lt9 
742,.607 
51~,814 
308,081 
453.700 
209,619 
252,113 
443,336 
338,397 
720~58) 
544,389 
359,644 
419,757 
274,915 
Littl~ White River Subbasin (2B) 
Jennett 308,081 
Mellette 338,397 
Shannon 544,389 
Todd 359,644 
TOTAL 
lfl{)BRARA TRIBS. AND PONCA CREEK BASIN (3) 
hnnett 
Gregory 
Shannon 
Todd 
T'rtpp 
TOTAL 
308,081 
269,474 
544,389 
359,644 
419,757 
1 
1970 County Census Areas 
Percent of County 
in Subbasin 
49.7 
32.3 
67.3 
2.4 
12.4 
3.3 
42.6 
11.3 
31.0 
32.3 
22.7 
70.9 
1.1 
86.9 
10.1 
55.6 
100.0 
43.9 
29.1 
2.9 
41.5 
13.5 
31.4 
0.4 
48.4 
35.7 
Basin Area-hectare 
(acres) 
34!,509 
239,862 
(853,409) 
(592,460) 
442,229 (1,092,306) 
15,155 (37,432) 
92,083 (227,446 
1:,.;;:6.J., .::.9 =-56=--,:-:--~< 4..;.;1=-z,. 8 81) 
1,515,794 (2,844,934) 
131,242 
51,268 
64,982 
81,443 
100,637 
239,923 
51,161 
473!'074 
36,324 
233,385 
274,915 
135,248 
98,473 
15,787 
149,252 
2,137,104 
41.591 
84.615 
2,178 
174,068 
149,853 
452,305 
(324,169) 
(126,632) 
(160,506) 
(201,139) 
(248,574) 
(592,611) 
(126,369) 
(1,168,492) 
(89,720) 
(576, 461) 
(679,040) 
(334,061) 
(243,2 29) 
(35,995) 
(36 8 ' 653) 
(5 ,278,651) 
(102,730) 
(208,998) 
(5,379) 
(429,947) 
(370,138) 
(1,117,192) 
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Table 2. continued 
Geosraph!e County1 Percent of County Basin Area-hectare 
Area Area-hectare in $ubbasin (acres) 
MD iuvER BASIN(4) 
Bukon 471,320 51.5 242,739 (599,542) 
Jackson 209,619 69.0 144,637 (357,254) 
Jones 257.,133 57.4 . 144, 713 (357,441) 
Lyman 443,336 0.3 1, 330 (3,285) 
Pennington 720,563 9.6 69,176 (170,865) 
Stanley 392,292 54.7 214.583 ~530 1 021) 
totAL 817,169 (2,018 , 408) 
KOREAU RIVER BASIN 
lutte 567,142 31.6 185,537 (458,276) 
Datey 631,449 44'.0 277,838 (686,259) 
Ba:cciing 695,19" 23.0 194,653 (480,794) 
Meade 89S1 07J 2.4 21,554 (53,238) 
Perkins 742,607 54.8 406,949 (1,005, 164) 
Z1ebaeh 513,814 42.6 218.885 (540 1 645) 
TOTAL 1,305,416 (3,224,376) 
.Llm.E MISSOURI RJ."'VER BASIN (li) 
lutte 587,142 0.3 1,761 {4 ,351) 
lar ding 695,190 22.3 155.027 (382 2918) 
'l'OTAL 156,788 (387 ,269) 
CDYENNE RIVER BASIN (7) 
Iilla Subbasin (7A) 
Custer 403,433 100.0 403,433 (996,480) 
Ja11 River 453,700 88.7 402,432 (994,008) 
Lawrenc_e 207,287 22.0 45~603 (112,640) 
Meade 898,073 19.3 173,328 (428, 120) 
Pennington 720,583 73.6 530,349 (1,309,962) 
Shannon 544,389 9.8 53.350 (131,775) 
lelle Fourche Subbasin (7B) 
lutte 587,1~2 sa.8 345,239 (852, 741) 
L.rrence 207,287 78.0 161,684 (399,360) 
He a de 898.073 38.! 342,166 (845,149) 
Peunington 720,583 0.4 2.f82 (7,119) 
11970 County Census Areas 
24 
11970 County Census Areas 
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divided into subbasins. The quantification of water demand was made 
on an areal basis; in many instances, this necessitated a transposition 
from county to basin which was based upon relative area if more 
definitive information was unavailable. Exceptions to this general 
rule are specifically noted. 
Climate 
A distinctly continental climate prevails in the study area; July 
is the warmest month and January the coldest. Mean annual precipitation 
varies from 14 inches in the northwest to 25 inches in the southeast. 
The higher elevations of the Black Hills receive 28+ inches, on the 
average, some 9-11 inches more than the plains areas immediately sur-
rounding the Hills. About 80 percent of . this precipitation falls during 
the April to September growing season much as a result of convective 
activity of limited duration and varying intensity. 
Precipitation, temperature, and related climatic parameters display 
wide variation within a year as well as from year to year. Defining 
specific relationships between precipitation and runoff is difficult 
even for a limited geographic area with a dense data collection netw rk; 
thus no attempt has been made to make this correlation on a synoptic 
scale. Some conflicts in drought definition are possible here because 
.the storage capacity of the runoff-drainage system may sustain the 
runoff while crops can be in stress because of a long period of low 
or nonexistent precipitation. 
· 'Precipi.tation. Quantitative precipitation estimates used in this 
report are based t.!pon the Monthly Averages of Temperature and 
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Precipitation For State Climatic Division (Climatography of the United 
States ) . The precipitation amounts recorded at the various stations 
within a climatic division are averaged to find the climatic division 
average. Table 3 presents a comparison of the time periods used in the 
Reconnaissance Report. Slight differences occur from the general 
patte r n displayed in Figure 6, but it is representative of all time 
periods. 
Table 3. Mean Annual Precipitation Totals 
· ·climatic Division* 1941-70 1961-78 1969-78 
Northl\rest (mv) 15.42 16.63 16.75 
Northcentral (~C} 18.02 17.72 17.29 
Southl..rest (SW) 16.95 17.11 16.40 
Central (CN) 17.43 16.98 16.55 
Southcentral (SC) 20.85 20.09 19.40 
Black Hills (_BH) 21.59 22.96 22.95 
6 Division Average 17.94 17.74 17.28 
NW, SW & BH Average 16 .• 82 17.51 17.28 
*State Climatic Divisions used by National Climatic Center. 
A more complete analysis of monthly precipitation patterns is presented 
in Appendix B. 
· ·sutface · Hydro~ 
The.streamflow in western South Dakota is highly variable from 
Year to year and from season to season during a year. On the average, 
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runoff maxima occur during March and April as a result of snow-melt 
while runoff from rainfall is greatest during June . The maximum rain-
fall normally occurs during June when soil moisture is also at its peak. 
Increasing temperature, decreasing rainfall amounts and a reduced number 
of large organi~ed weather systems substantially reduces the runoff 
produced during the middle and late summer. 
TI1e flow records used in this report are specifically noted but 
whenever possible 1961-1978 data was used. Reservoir construction 
antedates this time period and the precipita~ion, though not necessarily 
runoff, is co~parable to earlier period-:- of reccrd.. As mentj_oned in the 
previous section, climat~c data corresponding witi1 the 1961-1978 time 
period is representative of the normal pe~iod. 
With the exception of the Little ~ite River in the Sand Hills of 
the extreme southen1 portion of the study area, all plains streams are 
losi ng streams. Thus, during periods of low runoff groundwater does not 
maintain streamflows. This characteristic has been changed in areas 
such as the Angostura and Belle Fourche Irrig?tion Projects because of 
the seepage returning from the irrigation canals and field applications; 
however, t his reversal is localized and the overall river dynamics are 
little changed .. 
Losses to the streambed alluvium are most apparent during extended 
·periods of l ow rainfall. Further reductions in streamflow are caused 
during per1ods of drought because the soil has a greater capacity to 
infiltrate prec ipitation at or near the point of fall.. During dry 
spells, evaporation and seepage has lowered stock darns and other small 
surface storage impoundments so that any runoff reaching them is 
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retained and prevented from entering the drainage system. 
The effect of stock dams on runoff is largely unexplored although 
Culler and Peterson (1953) have estimated .a runoff reduction of 20 per-
cent in wet years to as high as 50 percent in a drought year. The 
study area of that investigation was the Cheyenne River Basin above 
Angos t ura Reservoir. Thus it seems safe to say the effect of these 
dams is greatest during drought, although the effects would most 
probably be less pronounced in areas of lesser slope. 
The existence of the Black Hills geographical area, a feature quite 
unlike the su~rounding plains areas, deserves special consideration 
because of the fundamental differences ih basic hydrologic characteris-
tics. The opportunities for alt~ration of the natural hydrologic systems 
for beneficial uses are greatest in the Black Hills area and the water 
quality is highest. The streams in the higher elevations flow more or 
less continuously with many maintai ning f low throughout the year. 
However, mar.y streams lose a substantial portion of their flow as 
they pass over the limestoae sinkholes surrounding the central core of 
the Hill s (USGS , 1975). Groundwater deficits are greatest during 
periods of low runoff; thus when surface water resources are least 
plentiful, loss to the limestone formation is greatest. 
Nevertheless a more dependable stream flow regime coupled with a 
greater number of potential storage sites enhances the development 
potential of small to moderate sized watersheds in the Black Hills area. 
A project l imited to a smaller geographic area has fewer potential 
negative impacts to resolve, thus chances of satisfactory implementation 
are more probable. In addition, recreational benefits can be exploited 
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by a large group of people in . this traditional tourist and recreational 
area. 
Groundwater Hydrology 
The groundwater resources of western South Dakota are a "large and 
reliable source. for domestic, stock, industrial, and municipal use in 
western South Dakota" (Rahn, 1979). These resources are stored in 
various "bedrock" aquifers (Figure 7). Although about 8.4 percent of 
the total groundwater available has <.1000 ppm TDS, the quality of the 
remainder is classified as saline (>100 ppm TDS) by the U.S. Geological 
Survey. 
Of the h:i.gh quality water which is recoverable, much is at great 
depth which limits the demand to higher value uses because of develop-
ment and pumping costs. If all saline waters are considered for use, 
3 5.7 million hm (4,622 million acre-feet) are reported by Rahn (1979) 
to be recoverable. The depth, quality, and safe yields are important 
parameters which must be determined before the extent and range of uses 
can be specified. 
Although recharge rates are not known for many of the bedrock 
aquifers below the Fox Hills Fonnations, the rates are generally 
th~ught to be very slow and show little relationship to surface 
hydrologic characteristics. F~hn (1979) has suggested artificial 
recharge may be possible in the outcrops of the various aquifers in 
the Black Hills. In some cases recharge would require lifting water 
to the elevation of surface outcrops. On the other hand, the Fox Hills 
and Hell Cr.eek/Fort Union Formations hav~ substantial outcrops in the 
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plains area which arc recharged by precipitation. 
The Oglala and Sand Hills formations are an excellent source of 
high quality water at moderate depth. However, the area extent of 
32 
these aquifers is limited to a small region near the boundary of South 
Dakota with Nebraska in the Little White Subbasin and the Niobrara Tribs 
Basin. Thi.s aquifer will undoubtedly be the basis for considerable 
devel opment in the near future and indications are that this has already 
begun on the Rosebud Indian Reservation (Wagney, 1979). 
The alluvial aquifers are restricted to . narrow flood planes 
immediately adjacent to the rivers. The depths are generally restricted, 
average 10.7 meters (35 ft.) thickness (Rahn, 1979); in addition in many 
areas t he alluvium consists of silt and clay which restrict well yields. 
Nevertheless the alluvium has potential for use and is important because 
of its close relationship to surface flows as discussed in the preceding 
section. 
A summary of the location of aquifers by river basin and the quan-
tity and quality of that water as reported by Rahn (1979) is presented 
in Table 4. 
· ·Legal · artd Institutional Framework 
Ant icipated development of water resources in the study area must 
be contemplated within the legal and instituti.onal framework of the 
area. Only a brief treatment of this important consideration is made 
here; however, the possible conflicts which may occur in the implementa-
ti.on of any specific plan must be justly considered. This study is an 
outgrowth of reconnaissance information and the modification of existing 
~ 
Table 4. 
. 3 
Groundwater aquifers reserves of western South Dakota , km of recoverable water 
Geologic 
Unit 
~:y~~;:ell1~c AecU 
Dc .. ! ... : r ~ f :-~:.~o-a 
,.,;~ •! : : .": t .J 
::,. ·:c- ill • a < . ,t~ 
J'~ts :::a :..::.aca. 
2'..1 r-:.c: ·•• f .:> rr.At1oa 
C';rc \" c fC'!"":At! J• 
Y..!L . t:J...:.~. tl :..:::catGU 
!;'-.'t!:•"'· fc:"':'" .\ t1oa 
s .. :...: ~ -c e frr. "t : c. a 
~·::! •· c ~:!'7•:!~n ' 
:.· ; .. . l ~ 1: . . -.: .:- :.& 
1:.· •' ,. : a : :-c ... :- • 
S""·. ::.tL n . ;l e 
~ .... H :c- . •·~t• 
~ . \:. : a• 
Crr:~;::t=:-...1 s: ,:a 
Jc1 ~!!: 1 f.>:--::..H!oa 
re : ~ ~ -:••"' . fe r: · 
~· :.! . :'\ rJ~•t1co• 
.. ~. :." . r.:.ver ~;'0\1, 
AJ'!i ;: • ... Cro~o.p 
C'Ja:: • ·• ' Sa !WI illU. 
1.:-r-...attc,~ 
1.11 ....... 
loua 
11. 
0,00/0,00 
0.00/)9.) 
O,Cil/tH, 
o.C0/110, 
li,C.O/SJ.I 
0.00/),}0 
0,0')/9,16 
o.~v/ 12.1 
0.0~/:2. 1 
O.C·i i6.S4 
o.oNn.l 
O.JJH. ll 
o. o/o~ .• 
1o.S/<l.oo 
o.c~t:.a.l 
D.CO/C, OO 
O.OJ/C.OO 
0.00/0.00 
O.C.0/0,)1 
II.S/667 
11 
0,00/0.00 
o.c:~ns.a 
0,00/I U, 
O.C0/10,2 
0 .00/45 .1 
O.C<.l/1.41 
O.C0/2,47 
0.00 /2. 22 
0,00/16.0 
0.00/<.69 
0,00 / 21. :) 
0.00/0 .00 
O,C0/4S,7 
IS.S/ 0,00 
0,00/10,6 
0.00/0.00 
0.00/0.00 
0.00/0.00 
0.00/0.40 
II.S/4S4, 
2A 
0 . 00/(1 ,0() 
0.01.14." 
sl.:/o.oo 
0.01/~.IS 
0.00/161, 
0.00/7 . 41 
o.oo/t.a 
0.00/7.,. 
0.0~/1 1. 6 
o.ootn.t 
3.9~/IJ6, 
O.Ot•/18 1, 
O,Ov/111, 
0,00/0.011 
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legal or institutional patterns would certainly be considered at the 
conceptual level. 
The ·rnstitutional Analysis (Wagner a~d Dimit, 1979) made as a part 
of t he "Reconnaissance Study", contains a thorough review of the legal 
and institutional framewo·rk. According to a survey cited in that 
volume, local interests are receptive to water development and are 
generally satisfied with water law as it ·presently exists. 
Water Rights. As a result of legislation in 1955, all water within 
tbe state belongs to the people of South Dakota and is to be utilized 
the best interest of the state for the fullest beneficial use. This 
legislation placed water on an appropriation system and a water right 
must be obtained before water can be brought into beneficial use; 
water in use before 1955 became vested. 
in 
Both ground and surface water use is regulated by the state through 
the issuance of water permits. These appropriations are made such that 
those rights earlier in time have the more senior right, although the 
right s of domestic users are considered priority and are senior to all 
other uses. No water right is required to preserve domestic water 
supplies . 
Interstate compacts protect the continued runoff yields which 
supply t he Angostura and Belle Fourche Reservoirs. Thus future water 
supplies from these reservoirs are assured to the limits of natural 
runoff and present reservoir operating capacities. 
·pollution Control. TI1e various amendments made to the federal 
Wa t e r. Poll ution Control Act (P.L. 92-500) in 1972 requj_re the states to 
-
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upgrade surface waters affected by pollution. South Dakota compliance 
goals require that any water returned to surface flows after use has to 
meet ·quality standards equal to or surpassing the beneficial use 
classification for the stream. 2 
Applicable standards exist for both point and non-point pollution 
sources and the overall intent of these standards is to maintain surface 
water at or above prese~t quality. TI1us ' decisions concerning waste 
water disposal will be based upon the relative merits of treating the 
waste water for return to streamflows, or using alternative methods 
which reqt~ire . less treatment but do not allow returns to surface flows. 
·'Time ·Frame 
A 50-year planning period from 1980~2030 evaluated by decade was 
chosen for this study. The "Reco:1naissance Study" was conducted using 
data collected over a varying period of years. However, data for the 
most recent decade has been given primary emphasis in the establishment 
of the 1980 base year. 
Base year data were then used to develop projections of water 
demands and supplies from 1990-2030; a set of three quantitative demand 
projection (low, most probable ~1d high) have been produced for each 
decade during the planning period. The time scale chosen to suuunarize 
the supply and demand amounts t~s one calendar year. 
Short term projections are involved in ·establishing the base year. 
A limited amount of uncertainty had been induced by virtue of these 
2 
SDCL 34:04:02 Surface vlater Quality Standards 
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projections; however, this uncertainty was considered acceptable because 
long-term trends are apparently changing during the 1970's decade. 
'rhus, · explicit use of 1970 as a base year. would not have reflected 
current trends. For example, declining population trends in many 
counties have reversed, especially in those counties on Indian Reserva-
tions. Job oppo tunities in the Black Hills increased substantially 
as tourism and industrial development was begun. The recent growth in 
irrigation development and the application for permits for irrigation 
development has essentially b.een a phenometl'on of the 1970's. 
Moreover, increasing federal and s ate regulatory requirements 
pertinent to water supply and demand has initiated a data collection 
effort which has its beginning in the decade of the seventies. Thus 
the analysis of these recent records mB:kes projection of 1980 conditions 
more appropriate for base year data. The base year demands were used to 
establish the base surface supply values, 
· ·pooulation Proj~ctions 
Population figures have shown new trends during the decade of the 
1970's as mentioned in the preceding section. Table 5 summarizes the 
population trends. in western South Dakota. Although the volui·ne of 
water demanded by Municipal and Rural Domestic is small when compared 
'tr~th. total use, it is most significant because of the reliability and 
high quality resource required. 
Population projections were provided by the Corps of Engineers. 
This data was used as a basis for revised estimates made by the Water 
Resources Research Institute study team. Pennington County including 
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t he urban and suburban areas of Rapid City represented 59,349 or 1/3 
of a western South Dakota total of 182,173 in 1970. The population 
trend· of the Rapid City area has a large influence on the population 
trends of the study area. 
The population growth in two counties, Lawrence a.nd Pennington, 
accounts for 57 percent of the most probable growth projected during 
the next SO years. The change in the population density and the trend 
toward increasing concentrations in these Black Hills counties are 
indicated by the projections · (Table 6.). Appendix A contains a complete 
description o~ projection methodology and also the projections for low, 
most probable, and high growth. 
Table 5. Most probable population projections for western 
South Dakota, 1980-2030. (~~I) 
Study Area not Pennington Western South 
including Pennington Countl Dakota 
1970 122,824 59,349 182,173 
1976 127,440 69,091 196,531 
1978 129,261 70,951 . 200,212 
1980 130,374 73,852 204,226 
1990 141,804 87,369 229,173 
2000 150,001 100,400 250,401 
2010 160,272 112,341 272,613 
2020 171,133 118,852 289 , 985 
2030. 181,870 122,222 304,012 
Table 6. Most probable population trends, WRI projections. 
1980 % of 2030 % of 
Area Pop. Proj. ·nensity Total -~ D~nsity Total 
1. Bennett 1,182 2,984 2.5 1.46 2,649 2.2 0.87 
2. Butte 2' 21-.7 8,735 3.9 4.27 11,540 5.1 3. 79 
3. Corson 2,470 5,100 2.1 2.49 5,788 2.3 1.90 
4. Custer 1,557 5,779 3.7 2.82 9,819 6 .. 3 3.23 
5. Dewey 2,351 6,360 2.7 3.11 10,814 4.6 3.56 
6. Fall River 1,744 9,473 5.4 4.63 6,979 4.0 2.30 
7. Gregory 998 6,123 6.1 2.99 5,467 5.5 1.80 
8. Haakon 1,816 2,805 1.5 1.37 2,820 1.6 0.93 
9. Harding 2,686 1,810 0.7 0.88 1,733 0.6 0.57 
10. Jackson 807 1,564 1.9 0.76 1,737 2.2 0.57 
11. Jones 973 1,498 1.5 0. 73 1,208 1.2 0.40 
12. Lawrence 800 16,591 20.7 8.10 18,134 22.7 5.96 
13. Lyman . 1, 683 4,139 2.5 2.02 4,557 2.7 1.30 
14. Meade 3,468 20,219 5.8 · 9.88 40,885 ' 11.8 13.4 
15. Mellette 1,306 2,186 1.7 1.07 1.,701 1.3 0.56 
16. Pennington 2,779 73,852 26.6 36.1 122,222 44.0 40.2 
17. Perkins 2,860 4,728 1.7 2.31 4,607 1.6 1.52 
18. Shannon 2,099 8,616 4.1 4.21 11,100 5.3 3.65 
19. Stanley 1,414 2,606 I. 8 1.27 3,502 2.5 1.15 
20. Todd 1,388 7,404 5.3 3.62 20,878 15.0 6.87 
21. Tripp 1,620 8,012 4.9 3. 91 7,621 4.7 2.51 
22. Washabaugh 1,059 1,622 1,S 0.79 3,558 3.4 1.17 
23. Zieba.ch 1,981 2,508 1.3 1.23 4,773 2.4 1.57 
41,288 204,714 5.0 304,092 7.4 
La·wrence, 7,047 110,662 15.7 54.1% 181,241 24.7 59.6% 
Meade and 
Pennington 
w 
(X) 
Others 34,241 94,052 2.7 45.9% 122,841 3.6 40.4% 
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Chapter 4 
3UPPLY-DEMAND SUMMARY OF WESTERN SOUTH DAKOTA 
Supply-Demand Summary of Wester11 South Dakota 
Trends in ·water Diversion 
A 100 percent increase in total water use during the period from 
1980-2030 is the most probable projection. High projections indicate 
increases of 128 percent, while low projecti~ns indicate a 67 percent 
increase over the SO-year period (Tables 7, 8, g). The rate of growth 
slows as time progresses in all scenarios reflecting the limitation of 
wate r supplies (Figure 8). In all projections, irrigation shows 
absolute growth as well as relative growth (Figure 9). Nearly all of 
the water use ·indicated in these tables would be consumptively used; 
water reuse, except for irrigation with municipal waste water, does 
not have a high probability of occurrence. A limited number of Black 
Hills municipalities, including Rapid City, return waste water to the 
surface water supply; most others use lagoons which effectively remove 
the water from the supply-demand system. 
3 At present approximately 750 hm /year (60,800 acre-feet) are 
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returned to the supply-demand system for reuse. This amount is assumed 
to remain nearly constant, thus approximately 90 percent of the water 
diverted by 2030 will be used consumptively by the initial beneficial 
user. 
Water supplies are derived from two basic sources - surface water 
and groundwater. Surface water is a direct result of precipitation 
runoff a l though some of this runoff may be stored temporarily in surface 
reservoirs or groundwater aquifers. 
Table 7. Total water diversions for wester South Dakota, mos t probable proj ections 
Demaod· seet or 1980 
.,..unieipal & 22.9 (5.6) 
Light Industry [18563] 
Rural Domeatic 4. 77 {1.2) 
[3868] 
Stodcwater 23.0 (5.6) 
[18612] 
Irrigation 311 (16.2) 
[252210] 
Large Indu&tl'J 45.6 (11.2) 
(36969] 
Energy .92 (0.2) 
[747] 
Total 408 [330969) 
*hm~/year-(Z of total) 
[aere-feet/year] 
1990 
26.9 (4. 5) 
[21777] 
5.36 (0.9) 
(4343] 
28.1 (4. 7) 
[ 22777) 
483 (81.1) 
[391970j 
47.6 (8.0) 
[38575] 
4.80 (0. 8) 
[3891] 
596 [483333] 
2000 2010 2020 
29.3 (4.0) 31.9 (4.1) 33.6 (4.1) 
(23712] f25879] [27258] 
5.87 (0. 3) 6.38 (0.8) 6.81 (0.8) 
[4761] [5171] [5523] 
28.9 (4.0) 29.9 (3.9) 30.7 (3.8) 
(23417) (24242] [24864] 
609 (83.9) 657 (84. 7) 688 (84.9) 
[493710] [532700] [557970] 
47.8 (6.5) 47.9 (6.2) 48.1 (5.9) 
(38724] [38834) [39014] 
4.83 (0.7) 3.01 (0.4) 3.04 (0.4} 
[3916] [2437] [2466] 
-
[126 [588240] 776 [ 629263] 811 [657095] 
2030 
35.0 (4. 3) 
[28356] 
7.19 (0.9) 
[5825] 
31.3 (3.8) 
[25349] 
692 (84.7) 
[561170] 
48.2 (5. 9) . 
[39064] 
3.07 (0.4) 
[2486] 
817 [662150] 
~ .... 
Table 8. Total water diversions for western South Dakota, high projections 
DeU~aod Sector 1980 
Hunicipal & 22.9 (5.6) 
Light Industry [186.53] 
Rural Domestic 4. 77 (1.2) 
[3868] 
Sto-.:kvater 23.0 (5.6) 
[18612] 
Irrigation 311 (76.2) 
[2~2210) 
Large Industry 45.6 (11. 2) 
[36969) 
Energy .92 (0.2) 
[7471 
Total 408 [330969] 
*hm'/ye&i (% of total) 
(acre-feet/year] 
1990 
28.7 (4.6) 
[23:?34] 
5.80 (0. 9) 
[4699) 
36.5 (5.9) 
[29621] 
485 (78. 3) 
[392950) 
58. 4 (9.4) 
[47327) 
4.86 (0.8) 
[3938} 
619 [501769] 
2000 2010 2020 
32.6 ('•. 3) 37.9 (4.5) 41.3 (4.6) 
[26416] [30733] [33440] 
6.64 (0.9) 7.55 (0.9) 8.37 (0.9) 
[5386] [6124] [6784} 
3e.3 (5.0) 40.0 (4. 7) 41.2 (4.6) 
[31022] [32463] [33408] 
622 (81.2) 694 (Sl. 7) 735 (81. 5) 
[504040] [562390) [595770) 
60.4 (7.9) 62.2 (7. 3) 69.0 (7. 7) 
[48942] [50458] [55960] 
5.64 (0. 7) 7.24 (0.9) 7.40 (0.8) 
(4569} {5870] [5~93] 
765 [620375) 849 [688038) 902 [73l:J60] 
2030 
43.4 (4. 7) 
[35152] 
8.99 (1.0) . 
(7290) 
42.6 (4.6) · 
[34520] 
759 (81.4) 
[615570] 
70.5 (7.6) 
[57160] 
7.53 (0.8) 
[6108] 
932 [755800] 
~ 
"" 
~able 9. _ Total water diversions for western South Dakota, low projections 
Demand Sector 1980 
Hunicit.al & 22.9 (5.6) 
Light Industry [18563] 
lura1 Domestic 4. 77 {1.2) 
l:!868] 
Sto:ekwzater 23.0 (.;.6) 
[Hl612] 
Irrigation 311 (76. 2) 
[2S2210] 
Large lnduatr, 45.6 (11.2) 
{36969) 
Energy 0.92 {0.2) 
[7471 
Total 408 [330969] 
*hm~/year (% of total) 
(acre-feet/y~ar] 
1990 
25.6 (4.8) 
[20731] 
5.09 (1.0) 
[4126] 
20.9 (4.0) 
[16966] 
441 (83.4) 
[357400] 
35.1 (6.6) 
[28435] 
1.32 (0.2) 
[1071] 
529 [ 428729] 
2000 2010 2020 
27.6 {4. 3) 28.7 (4.2) 29.5 (4.3) 
"[22395] [23233] [23950] 
5.38 (0.8) 5.60 (0.8) 5.86 (0.9) 
[4365] [4542] [4753) 
22.1 (3.5) 22.6 (3. 3) 23.0 (3.4) 
[17934] [18300] [18648] 
548 (85.9) 582 (86.0) 585 (85.9) 
[444390] [471620] i473690) 
35.1 (5.5) 35.1 (5. 2) 35.1 (5.2) 
(28435] [28435] [28435] 
0 2.53 (0.4) 2.53 {0.4) 
[0) [2051] [2051] 
· ~ 
638 [ 517 519] 676 [548181] 680 [551527] 
2030 
30.4 (4.4) 
[21.662] 
6.11 (0.9) 
[4956) 
23.4 (3.4) 
[18966) 
586 (85.1) 
(475290] 
35.1 {5.1) 
[28435] 
2.53 {0.4) 
[2051] 
684 .[554360] 
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Rivers. The surface discharge of each basin is summarized by the. 
gaging station near the river mouth. The quantity and quality of a 
river at ~ny point, especially near the m0uth, is a composite of the 
phenomena occurring in the upper reaches. The following USGS stations 
have been used for this purpose (Table 10, Figure 10). 
Table 10. Selected G~ging Stations in Weste·rn South Dakota 
Station 
Number 
063578 
064520 
064645 
064415 
063605 
063345 
064235 
064380 
064393 
River at Station Names 
Grand - Little Eagle 
White - Oacoma 
a Keya Paha - Wewela 
Bad - Ft. Pierre: 
Moreau - tVhitehorse 
Little Missouri - Camp Crook 
Cheyenne - t-Tas ta . 
Belle Fourche - Elm Springs 
Cheyenne - Cherry Creek 
arepresents 61 percent of Ponca Creek and Niobrara Tribs 
Basin. 
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Mean discharge measurements at these stations represent water yield 
from the entire watershed r ·egardless of political boundaries. Only the 
flows measured at the Bad, Moreau, and Keya Paha stations are derived 
~holly wi t hin South Dakota. The flow quantities presented in Table 11 
(1980 Demand-Supply Summary of Western South Dakota) assume the flow 
entering f r om other states to be pdrt of the basin resource. These 
(UUil 
••u ••vu 
Figure 10. Location of selected gag~ng stations 
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Table 11. 1980 demand-supply summary of western South Dakota 
·SECTOR nEVEL OF GRAND WHITE NIOBRARA BAD MOREAU LITTLE 
EVELOPMENT TRIBS MISSOURI 
Tf•HL riAiER DEt'.Ar!D 
~~;~c!?al ~ Light Industry :'.or. t Probable 392 1738 460 544 229 8 
P.ural L.:-:"'" stic Host Probahle 192 424 171 134 283 17 
Stock·.Jatcr Host Probable 1751 4100 1432 1333 1955 241 
lrr1rnt1on Host Probable 5996 28563 6920 7810 . 1411 l20S 
l.a c ~e Inc :1!'t ry Host Prob3ble 21 952 0 0 0 0 
Lll( ;~y Host Probable 0 0 0 0 0 0 
l!:;dr, - -; ~o.:cr l'.ost Probable 0 36995 __ o 0 __ o 0 
To tal~ 8352 72772 8983 9821 3878 1474 
Su?rACE hATER SUPPLIES USGS Station 0635 78 064520 064645 1 064415 06361)5 063345 1961-1978 
.'!cd::l ).,-,::1\.;d 1 202090 381483 39313 99673 183512 113400 
Str~u~ flow 
5·. ~·~'" .> t. ·d ~!in 1.:-: •Jlll 115946 208783 21698 50323 90788 58863 • l'1!.trc:l:ro rlo'J 
TOiA •. ~Eco· :EP.'.ELE 2 
c;qc,c•o • .;r,TER 936 756 141 325 856 144 
Less t: :a:t 10Wl;>p~ TDS 30 68 22 9 24 3 
G:~ater tha:t lJQO;>pm TDS 906 688 119 316 832 141 
--· 
:-:ey .. r3ha is oniy well developed drainage in this basin 
:::!s C:i>!S not co:tsider safe yields--all volUlll('s in millioils of acre-feet 
CHEYENNE ~KE HE 
14624 161 
2263 196 
4994 934 
174162 3720 
35996 0 
747 0 
72355 __ o
305142 50ll 
064393 
635340 -
359649 -
1478 326 
262 3 
1216 323 
SHARPE 
CASE 
407 
187 
1872 
22420 
0 
0 
--~ 
24886 
-
-
104 
4 
ll)o) 
TOTALS 
1R56:> 
3668 
186~2 
2s~21a 
369t' 9 
747 
ill)2Q 
440319 
1654810 
906050 
5066 
~25 
46!,1 
~ CF 
1fJTAL 
4 . :::! 
O.ES 
~. :J 
57.27 
8 . .:.0 
O.ll 
2'•.8) 
54.i5 
8.H 
Ol.ol 
J:o. 
00 
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fl ows are protected by interstate compacts which may be changed by 
mutual agreement and federal approval. Runoff from South Dakota land 
area has been estimated and a sumn~ry of mean quality is also presented 
in Table 12 as a basis for comparison to estimated basin resources. 
Table 12. Runoff from western South Dakota watersheds. 
Runoff Mean 
River ·Basin rom (in) hrn3/yr1 (acre-ft) · ·quality-TDS · (mg/1) 
Grand 17.9 (0.70) 206 (167,000) 1,564 
White 17.8 (0. 70) 380 (380,100) 430 
Niobrara Tribs 17.5 {0.69) 79.1 (64, 100) 311 
Bad 15.3 (0.60) 125 (101,000) 1,467 
Moreau 17.9 (0.70) 226 (183,000) 1,509 
Little Hissouri 27.4 (1. 08) 42.9 (34,800) 1,165 
Cheyenne 14.2 (0.56) 476 (386,000) 1,540 
Missouri Slope 15.0 (0. 59) 208 (169,000) 
Cannonball 17.9 (0. 70) 5.01 (4,060) 
1Yield from river basin area within the state of South Dakota only. 
A more detailed breakdown of the Cheyenne River Basin is presented 
in a later section (p. ~fe. Computation details for this analysis are 
~resented in Appendix C and are representative of the analysis required 
to provide a more refined geographic resolution of flow information. 
The chemical quality varies widely depending on the time of year 
and rate.of flow. Also, sediment leading is a particularly acute 
problem i n the White and Bad River Basins. High concentrations of sus-
pended sediment occur during periods of high flow, l.J'hich may occur 
occasionally as a result of high intensity thunderstorms. The Soil 
Conservation Service (1979) has reported 50 percent or more of the 
sediment leaving small watersheds occurs in association with one or 
two s t orms . A similar situation exists in the larger streams and 
rivers although erosion from river and streambanks is the source of 
approximately 90 percent of the total sediment load. 
Reservoirs. Maior reservoirs with significant flow control 
capability are considered to be a dynamic part of the river or stream 
of which it is a part regardless of their size and are classified in 
a separate group. Smaller ponds, lakes and stock dams are also 
sources of significance; however, the relationship to the drainage 
system is as yet undefined quantitatively. The need for overdesign 
of conservation storage to compensate for drought periods increases 
the i n fluence of these storage reservoirs on the runoff reaching the 
main drainage channels. Evaporation is the major consumptive user 
from these smaller structures. The smaller ponds ( ~ 500 acre feet) 
lose 46 percent of the total storage capacity to evaporation each 
year as compared to larger ponds ( > 500 acre feet) with evaporation 
losses of 20 percent of total storage capacity (Table 13). 
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Groundwater. Groundwater has been classified as either surficial 
or bedrock depending upon the hydrogeologic structure from which it is 
Withdrawn. The recharge processes which restore water to these ground-
water aquifers are not \.rell understood and no attempt has been made to 
Table 13. Surface storage in western South Dakota. 
Reservoir 
Major Reservoirs 
Angostura 
Belle Fourche 
Deerfield 
Pactola 
Shadehill 
Oglala 
Reservoirs of greater 
Grand 
White 
Niobrara Tribs 
Bad 
Moreau 
Little Missouri 
Cheyenne 
~1issour i Slope 
Reservoirs and ponds 
Grand 
White 
Niobrara Tribs 
Bad 
Moreau 
Little Missouri 
Cheyenne 
Missouri Slope 
Total Capacity1 
hm3 (acre-f.t) 
157 (128)000) 
228 (185,000) 
18.7 (15,200) 
67.8 (55,000) 
100 (88,400) 
8.88 (7,200) 
3 than .62 hm (500 
9.60 (7 '780). 
22.1 (17,900) 
12.6 (10,200) 
18.2 (14,800) 
18.3 (14,800) 
2.82 (2,290) 
78.2 (63 ,400) 
10.4 (8' 420) 
of less than .62 hm 
20.1 (16,300) 
45.4 (36,800) 
3.13 (2,540) 
69.2 (56, 100) 
69.2 (56' 100) 
2.63 (2' 130) 
97.8 (79,300) 
38.1 (30,900) 
Net Evaporative Loss 
hm3 (acre-ft) 
9.35 (7,580) 
19.6 (15,900) 
0.41 (330) 
2.23 (1,810) 
7.27 (5,890) 
1.32 (1,070) 
acre-ft) 
1.64 (1,330) 
3.62 (2,930) 
1.52 (1,240) 
2.09 (1,700) 
3.62 (2,930) 
0 .14-l (333) 
8.04 (6 ,520) 
1.44 (1,170) 
3 (500 acre-ft) 
13.2 (10,700) 
16.7 (13,500) 
0.65 (530) 
21.2 (17,200) 
37.4 (30, 300) 
1.30 (1,050) 
57.3 (46,400) 
11.5 (9,360) 
1conservation storage capacity only on major reservoirs. 
describe recharge processes in this report. Because the bedrock 
recharge is assumed only tenuously related to surface processes, the 
bedrock aquifers have been called primary sources. 
Imports, supply systems, and sewage collection systems are also 
mechanisms of supply which are included as supply sources in the model 
construct. They are conveyance structures and their inclusion as 
secondary sources provides additional detail important to the supply-
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demand system in "t>Jestern South Dakota; further, the relationship of 
these distribution systems to prirr~ry water supplies is easily 
explained by the input-output model. 
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Rural Water Systems. A variety of Rural Water Systems have been 
organized t o serve the needs of rural users in western South Dakota . A 
listing of the location and approximate ~umber of people served is 
included in Table 14. The most common source of supply for these 
systems is groundwater from the system area. The Fox Ridge Rural Water 
System which obtains water from Oahe Reservoir is an exception. This 
system is being expanded to serve rural needs on the Cheyenne Sioux 
Reservation and to supply the totms of Faith and Dupree. 
·water Demand Sectors 
Water use has been subdivided into various sectors of similar use. 
An explanation of each of the sectors and the assumptions used in data 
development follows in this section. The general quality requirements 
of each sector are included in each sector description. 
· ·Municipal ·sector. The municipalities within the study area were 
classified into three categories for this study. Every attempt was 
made to obtain measured flow data to estimate per capita demand rates; 
however, when better information was not available the following standard 
estimates were used. 
Class I (> 5000 pop.) 
Class II (500-5000 pop.) 
Class III ( ~ 500 pop.} 
160 gpcd 
125 gpcd 
75 gpcd 
Table 14. Rural water systems in western 
(AS Existin~ Rural Water Systems 
Year Population/ 
s·: ste!'l (operational) Subbasin Subbasin 
E·Jttc-:-!eade 1~68 Belle Fourche 1,200 
Carr~a~e i:lills 1977 Hills Cheyenne 144 
Ch.>?f:l Lane 1977 Hills Cheyenne 660 
Fox R~cge 1975 Lake Oahe 1,562 
Moreau River 1,294 
Ht 'To• lS.l 1981 Hills Cheyenne 200 
Ii(!.oo ;:ater Co. 1942 H11 ~s Cheyenne 160 
J c:-.nson 1976 Plains Cheyenne 30 
Lakeside 1976 Hiils Cheyenne 80 
Peno !?.asi:l 1964 Bad River 20 
?or.derosa 1967 Hills Cheyenne 40 
Ra:>id Valley 1962 Hills Cheyenne 3,000 
Si ?hon li!.ll 1962 Hills Cheyenne. 80 
Sj encer 1952 Bad River 100 
Spring Car.yon 1975 Hi!1s Cheyenne 60 
Squaw Creek 1976 Bad River 10 
Hills Ch€.yenne 22 
Pl:iins Cheyenne 9 
t.C. 5o G. 1974 Lcmer Gro.nd 74 
l".oreau River 95 
Lake Oahe 183 
South Dakota 
ToWI'Is Hookul!• 
Vale, Nt"well 300 
36 
16510 
2,856 
Eagle Butta 
Fairburn 34 
Prevo 47 
7 
21 
5 
10 
750 
2.0 
25 
19 
9 
sa to 
Trail City 
Glencross 
Sou rca 
2 wells 
wells 
2 wells 
La!<e Oahe 
1o1ells 
1 well 
2 vella 
1 well 
1 veil 
4 1o1ella 
wells 
wells 
wells 
1 well 
) wells 
ConsW'lption 
acre-fcet/vear 
*5.60 
*1!.07 
*36.45 
**158,859 
106.2 
*10.S3 
22.49 
39.60 
*1.1:! 
*2.24 
481.93 
*39 . .:i0 
*5.60 
15.6510 
*2.24 
46.07 10 
V1 
w 
Table 14. Continued 
Year 
S·1stem (operational) Subbutn 
Tripp 1977 White River 
Lake Francis Case 
Valley \.'iev 1973 Hills Cheyenne 
l..'hispt:ring Pines 1966 lUlls Chey<mne 
\Ocodland Hilla 1976 ilills Cheyenne 
(aJ Pro?osed Rural Water Systems 
Year 
S··stt::"l (o2erational) Subbasin 
A/.lali Hills Cheyenne 
Belle Fourche 
Cas(..ade Hills Cheyenne 
Ce<!ar Hills Cheyenne 
Che:;enne Bad River 
Lake Francis Case 
East Grejtvl'Y Lake Francis Case 
Niobrara Tri ps 
and Ponca Creek 
Her.:10sa 1981 P.ills Cheyenne 
. Horseht:ad Hills Cheyenne 
Ly:'\an-Jonea Bad River 
\lhite River 
LakP. Francis Case 
H'.Jrray B~:lle Fourd.e 
Population/ 
Subbasin Towns 
1,364 Carter 
836 Witten 
320 
70 
220 10 
Po?ulat i on/ 
Subbasin Towns 
20 
80 
120 
60 
2,090 Fort Pie-:re 
260 Mi~land, Hayes 
70~ 
565 
200 
30 
1,250 
1,050 Murdo 
2,700 Draper, Kennebec, Oacoma, 
Presho, ?el~ance. Vivian 
400 
Hooku'a Source 
sso9 velh 
80 2 wells 
16 1 well 
sslo 1 weil 
Hooku2s Source 
2S welts 
30 wells 
14 wells 
125 Mi&souri River 
180 
34 wells 
7 wells 
1,891 Missouri River 
100 wdls 
Consumptioo 
acre-fef't/vear 
**177 .ss9 
*17.92 
).92 
IL97to 
Con~>urr.p t ion 
ac re-f ,·_e t "'ear 
*5.60 
•6.72 
*3.36 
*131.63 
*280.05 
106.10 
18.31 
**489.799 
*22.40 
\J1 
.to-
Table 14. Continued 
Year Population Consumption 
Svste~ (operational) Subbasin Subbasin Towns H~kup~ Source acre-feet/year 
N>:-thwstern Upper r.rnnd 200 
Lower Grand 3, 000 
Moreall Ri ·1er 1.400 
Lake Oahe 400 
Cld Tuil Ead River 60 
;.;ood \-.'hite River 61.) 
Niobrara Trips 940 
and Ponca Creek 
l~nral Co-_-:\Jr:ity ~later Systens 1 t:pdate 1976, Cooperative Extension Service, 
Si!S': !Je;Jartr.ent of ARriculture, FS 690. 
2:-dleti:'l - Sot:th Dakota Association of Rural Hater Systems, 
Jsv-...t!". Dol~ota Pub!.ic \:nter Supply Data. January. 1979. 
'rn?~blished, ope:1 file, water rights, ?lerre, SO. 
Sstxth District, FHA {~cL-:!ll.>nd). 
~?~~ntnz~on County Health Office. 
7state ~.'<~ter Plan. 
8~ol> ;:._art~ou&e, Frl!A, Huron. Sf>. 
9'...:ato.:r P.eso'J rccs a:id Devel op:"'!ent, Fifth l'lam&ing and Development D!atric:t, 
Pre;nn,d bi' Donald fu ggain, Comprehensive Planner. Fifth Plnnninp, and 
DE:·,ell) ?:-:t-nt District Co~~i ssion. February, 1979. 
!C~cpul>ltshcd data, Arcelle Lundeen. Economics Department, SDSU, Brookings, SD. 
* E~t!:.dtion of 50 gallons/day/person consumption. 
••£stir~tion of 300 gallon9/day/rural hcokup and 200 gallons/day/urban hookup. 
1,250 wells *280.05 
15 . wells •3.36 
250 *56.00 
V1 
V1 
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Indi.an Communities 50 gpcd 
The industrial facilities which are served by municipal supplies are 
included in the per capita use rates. Specific use data by industrial 
fac ility is not nonnally available. 
Most municipal waste water systems utilize a stabilization lagoon 
for t reatment and a standard ~stimate of 20 percent consumptive use was 
made t o account for system losses. As in the case of water supplies, 
measured data was used if available. 
The projections · of future use employed· the same per capita use 
rates combined with the low, most probable, and high population projec-
tions (~ppendix A). Indian communities were included in the standard 
municipal classes for projection purposes. Municipal units in class III 
were projected as a group. 
Minimum acceptable quality for this sector is 1000 mg/1 TDS. Many 
v1.olations of this quality parameter exist at present and a summary of 
these is found in the Supply- Demand Problems section (p. 62). 
· ·Rtir al ·Domestic. This sector includes all domestic water use not -
met by municipal systems.. This would include farms, housing develop-
ments, trailer courts, and other miscellaneous uses requiring potable 
supplies. The estimates were r.aade of the basis of population at a use 
·rate of 50 gpcd. 
Stock water is also considered domestic use in a legal sense and 
is included in this sector; however, stock water use was projected 
separatel y using stock numbers and the following standard per head 
. . 
consumption rates. 
Li~estock 
Cattle 
Hogs 
Sheep 
·Gallons P~r Day 
12 
5 
5 
Rural domestic needs are served by a variety of sources including 
private wells, surface storage ponds, rural water systems, and to a 
limited extent water hauling. In the case of livestock, a standard 
estimate of 25 percent of cattle and sheep water and all hog water was 
assumed to come from groundwater; the balance from surface ponds or 
streams . 
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Livestock numbers were projected in · a broad range developed frotn 
historic data. Previous highs and lows were used as indicators which 
·reflect market forces, range carrying capacity, and supplemental feed 
production. Some increases were projected to allow for improved pasture 
m~agement and increased feed production on irrigated land. 
Water quality for rural domestic use ~eets potable standards 
(1000 mg/1 TDS) although stock water quality requirements of up to 
4000 ~g/1 TDS are acceptable although not necessarily desirable. 
Light · Indust~. This sector quantifies the potable water needs of 
establishments which cannot be estimated on the basis of population 
projections and per capita use rates. That is, these business establish-
ments are not served by municipal systems yet represent a water demand 
which must properly be served by potable supplies. State installations, 
federal installations, eating and lodging establishments, campgrounds, 
youth and organizational camps are represented here. Use rates were 
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based on size, number of users and time of use. 
No increases were projected in this sector because of the expected 
reduction in travel by private auto and the inclusion of future develop-
ments within municipal service area.s. The number of elements· jncluded 
in this sector might well be expanded in the future when data for indi-
vidual users is readily available and the uses witl1in municipal systems 
can be properly defined. Quality requirements for the entities con-
sidered are coincident with potable standards. 
·· Irrigation. The application of water for crop production is the 
leading consumptive user of water in the study area and throughout the 
region. In South Dakota the water is allocated by water rights, vested 
rights and by project irrigation. Three ·major projects are in existence 
in the study area, all in the Cheyenne ·River Basin 
· ·project Hectares (acres) 
Angostura Project 3,603 (8,900) 
Rapid Valley Project 4,947 (12,218) 
Belle Fourche Project 23,104 (57 ,068) 
An additional estimated 5,260 ha. (12,983 acres) are authorized for 
irrigation under Vested Water Rights. The number of Vested Rights are 
fixed by the 1955 law and no development of new project irrigation 
has been projected. 
New irrigation development is expected to occur as a result of 
Private development and allocation of existing water supplies, both 
ground a11d surface resources until the year 2000. A stable economy 
has been assumed with moderate increases i:J return on investment 
because of better management practices. Irrigation development beyond 
the year 2000 assumed storage of flood flows. Of the acres estimated 
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by the Soil Conservation Service to be irrigable by flood flows, 45 per-
cent were projected to be developed in this study. In all cases water 
availability was the limiting factor. 
Water demand has been estimated by using application rates reported 
in t he rrrigation Questionnaire, a survey conducted annually since 1968 
by the Water Management Board of the South Dakota Department of Water 
and Natural Resources. 
The full . dispositio~ of water available to the irrigated acres, 
both. precipitation and irrigation applications were estimated by using 
1) runoff estimates, 2) evapotranspiration, 3) irrigation applications. 
The evapotranspiration rates were calculated by the Jensen-Raise, 
Blaney-Griddle, and Thorthwaite-Holzman equations and the resulting 
values averaged by river basin. Any residual amounts needed to achieve 
a balance were assumed to be soil water. 
Quality requirements for irrigation are dependent upon soil-water 
compatibility but a salinity of 2000 mg/1 TDS would be marginal even 
if the chemical constituent balance was favorable. 
· · targ~ · rndustry. Water using entities which utilize water in the 
product i on of a product are included in this sector. Mining, gravel 
washing, fish hatcheries, etc. were investigated on a case-by-case 
basis to determine water use. Potable quality is not generally 
required for these uses, however, this is dependent upon specific 
industry r equirements. 
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Expanded future development of industrial activities was extrapo-
lated from present use characteristics. Only known plans for develop-
ment were used to project significant increases in industrial activity. 
In other cases only moderate increases were projected to occur based 
upon the kind and amount of resources available. 
Energy. Water used to directly pro~uce a pri~ry or secondary 
energy resource is included in this sector. This would include the 
mining of energy resources, recovery of petroleum, or conversion 
processes such as coal gassification or liquefaction and tl1ermoelectric 
power generation. 
Much of the known fossil fuel reserves are located in states 
bordering South Dakota. While western South Dakota has some potential 
for energy production, the higher grade resources in other states are 
assumed to possess priority development potential in meeting national 
energy goals. The indirect participation of South Dakota in supply of 
water for slurry transport of coal from areas surrounding the study 
area to areas of need is a use which would be placed in this sector. 
Present plans would use Missouri Mainstem Reservoir water, thus 
affecting the study area only in the supply of municipal and 
industrial water along the pipeline route. 
Hydropower is a subsector of the energy sector and is considered 
separately because of its dependence upon instrean1 flow resources or 
storage for operational effectiveness. Hydropower is usually but one 
of a com~lex group of water developments which affects several other 
sectors. Small hydropo~~r installations are presently receiving 
attention, primarily in the conceptual planning stages; a need for 
dependable power may well be a determining factor in the development 
of proposed projects. The demand for electric power rather than water 
development \1ould be the prime mover in this case. 
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With due consideration of the national energy demand, location of 
resources, transportation facilities, and the adequacy of water supplies, 
the projection for western South Dakota is for a restricted amount of 
water use for energy. Uranium mining has been projected but the water 
demands for the extraction and milling technology is not large. The 
sociologj .al impacts of population growth or displacement is of greater 
concern ~ecause of the funding of municipal services including water 
supply. 
· ·Envirortmerttal. Maintenance of streamflows to protect the biologi-
cal and esthetic qualities of stream ecosystems are considered as a 
water resource demand in this sector. These minimum flows are based 
upon the historic mean flows available. A methodology was developed 
to compute minimum flows from mean monthly flows at a particular gaging 
station. These flows have been structured so that: 
1) The natural flow regime is mimicked. 
2) A limit is established on the reduction in flows that are 
allo~d as a result of managed withdrawals. 
3) A short period of high flow is retained for spring flushing 
of silt from stream beds. 
The amounts have been stated as annual sums in the summary tables. 
The point nature of these computations must be considered as well as 
the varying instreatn requirement with the month of the year. Each 
station used to represent a river basin or subbasin is located near 
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the mouth of the watershed and is an indication of the mean amount 
which would constitute instream flow nt that station. Monthly computa-
tions and the methodology are presented in Appendix D. 
The environmental systems which rely upon streamflow are varied 
and complex. Only flow regime and flow volumes are considered 
explicitly in this study; other needs are inherent and are assumed 
to be n1et although this is not known definit'ively. 
·Demand ·Summary , Quantitative demands for each of the sec. tors are 
presented in Tables 15-19. The Cheyenne River Basin is by far the 
predominate user of water in western South Dakota. This basin uses 
more in all demand sectors and the development of surface use occurs 
most often in this basin. 
Large increases in irrigation are projected for the Missouri Slope 
Basins. This is to be expected because of the location adjacent to the 
Missouri Mainstem Reservoirs. Substantial irrigation development is 
also indicated in the Niobrara Tribs Basin where the Oglala and Sand 
Hills aquifers can provide groundwater at moderate depths. 
· ·supply ·nemand Problems 
A number of data shortages exist which prevents specific problem 
identificat ion. However, many general implications can be made from the 
information available. 
The.municipal sector depends heavily upon groundwater resources. 
Many of these public water supplies have a deficiency of one form or 
Table 15. Total water demand projections for western South Dakota for year 
hEVEL OF GRAND WHITE N!TBRARA BAD MOREAU LIT7LE CHEYENNE -bAKE 
uEVELOPMENT RIBS ~11 SSOURI AHE 
~cn4c!~al & Li~ht Industry Low 357 1600 491 537 363 15 16802 164 
Xost Probable 374 1735 516 563 381 16 17606 165 
H1Jih -HO 191)6 566 616 419 17 18657 182 
l\'-!r-a1 flO ::.eat ic Lo\ol 185 418 163 1~0 306 16 2518 217 
Most Probable 202 441 172 137 323 17 2641 228 
High 214 486 190 1'>0 355 18 2834 251 
Stoc!it'Jater Low 989 3886 13'•2 1282 1832 223 4762 890 
Most Probable 2147 49!!3 1721 1644 2401 . 295 6184 1145 
111Rh 2794 6478 2231 2142 3124 384 8048 1489 
Irrigatioo Low 15300 49600 16000 llbOO 2110 2190 213700 10000 
Most Probable 19400 54600 18400 14300 2140 2330 220100 10600 
HiP,h 19400 54600 18400 14300 2620 2330 220100 11100 
Lara~ Induit r1 L0w 21 0 0 0 0 0 28414 0 
Most Probable 21 952 0 0 20 0 37582 · 0 
H1Rh 25 1200 0 0 40 0 46062 0 
L1ergy Low 0 0 0 0 0 0 1071 0 
Most Proba~le 0 0 0 0 0 0 lfl38 0 
HiRh 0 0 0 0 0 0 1878 0 
H:;~ro;~ovcr Low 0 0 0 0 0 0 72355 0 
t-'.o&t Probable 0 36995 0 0 0 0 7235S 0 
High 0 75000 0 0 0 0 72355 0 --
Total Lo\ol 16852 55504 17996 13549 4611 2444 339622 11271 
Most Probo.ble 22144 99706 20809 16644 5263 26~8 358306 12135 
High 228!;3 13~670 2!387 17208 6558 2749 36993'• 13022 
1990 
S~ARPE ToTALS 
ASE 
402 Z0'31 
421 21777 
461 2 )::!}.4 
173 41~6 
1S2 41.'.3 
2(;1 .:".b'H 
1760 16~66 
2::!57 22777 
2931 296~1 
36900 357~00 
50100 391970 
50100 392950 
0 28 .. 35 
0 38575 
0 47327 
0 1071 
2053 )891 
2060 3938 
0 7::!355 
0 1093.>0 
0 14i3S~ 
39235 ~01084 
55013 S926a3 
55753 6.~Q1::!4 
~ or: 
TCT,;L 
4. 1!. 
3. f.i 
3.:-s 
o. 8::! 
J. :'3 
o. 7:! 
3.39 
3.£1:. 
:..~6 
71.3: 
56.:3 
60.;-:. 
5.67 
6. ')} 
7.:<~ 
0.2! 
0.6C:. 
O.bl 
1 ~.~:. 
18 ... 5 
22.7rt 
0\ 
w 
Tab1e 16. Total water demand projections for western South Dakota for year 2000 
bEVEL OF CiRANO ~IHJT E" NfOBRARA BAD f10REAU LITTLE CHEYENNE ~KE S~ARPE 
EVELO P~ENT RIBS MISSOURI l-iE ASt 
!".u.'lici?al & Light Indus try Low 344 1867 499 528 380 16 !8211 167 353 
t'.ost Probable 381 1740 553 582 422 17 19424 170 4~3 
Hi~h 435 2111 633 664 484 19 21393 195 4d:! 
kuul ::K>r::eatic Low 177 418 162 127 314 15 2765 224 163 
Most Probable 210 465 181 141 349 17 2968 249 1 81 
High 226 538 209 161 401 19 3337 286 ~~~Cj 
Stocl<water Low 1677 3984 1374 1315 1806 225 4846 910 17~7 
M.:>st Probable 2217 5100 1761 1683 . 2489 306 6376 1174 =311 
High 2950 6716 2321 2222 3328 411 8483 1553 3038 
Irr16ation Low 25100 62000 25000 15400 2880 3210 248200 12500 50100 
:1ost Probable 31900 75700 29100 17600 3070 3590 261650 15600 55300 
High 33000 75700 29100 18200 3900 3590 ° 261850 1820u 60500 
Lar~E: !r.iiustry Low 21 0 0 0 0 0 28414 0 0 
Most Probable 50 952 20 20 50 0 37582 0 50 
High 1030 1200 40 40 so 20 46062 0 500 
U:ergy Low 0 0 0 0 0 0 0 0 0 
Most Probable 0 0 0 0 5 0 1858 0 :!053 
High 25 0 0 0 10 0 2474 0 2060 
Hyd:-c.ilower Low 0 0 0 0 0 0 0 0 0 
Most Probable 0 36995 0 0 0 0 72355 0 0 
Hi gil 0 HOOO 0 0 0 0 72355 0 (' ---
7otals Low 27319 68269 27035 17370 53BO 3466 3024 36 13801 52443 
Most Proba?le 34758 120952 31615 20026 6385 3930 402413 17193 60318 
High 37666 161265 32303 21287 8173 4059 415954 2\.l234 66i89 
ToTALS 
22395 
23712 
2o416 
~365 
.0761 
51f.6 
17'H!o 
23417 
31022 
44 -+ 390 
493710 
5040!o0 
28!.35 
387:!0:. 
489.:.2 
0 
3916 
4569 
0 
1(; 0 3)0 
147355 
517519 
697590 
76 77 30 
~ CF 
TOT..\L 
4. }) 
j • .::1 
3.~ .. 
o.s.: 
O, t:\ 
o. ;o 
3 • .!. 7 
3. 3:-
t.. ):. 
85.57 
70.77 
65. 65 
5 • .:.9 
5.5) 
6. ~ i 
0 
0.56 
0.6;') 
0 
15.68 
19 .lY 
0\ 
.f:-
Table 17. Total water demand projections for western South Dakota for year 2010 
bEVEL OF GRANO WHITE NI¥BRARA BAD NOREAU f
1
LITTLE CHEYENNE bAKE S~ARPE EV ELOPM£NT RIBS ISSOURI AH= ASE 
X:or.:t.c.l.pal & Li~ht Industry Low 332 1685 514 518 398 13 19238 169 366 
Host Pr:>bable 328 1977 602 602 467 15 21228 175 425 
Hi?.h 4)9 2366 718 716 559 17 25184 209 505 
R:.nal !.>o~stic Low 170 424 163 123 314 14 2951 231 152 
Host Probable 206 501 193 145 370 17 3287 272 180 
High 239 604 232 175 445 20 3867 326 216 
Stock.water Low 1702 4064 1397 1346 1877 218 4922 929 1835 
Must Probable 22 98 5228 1807 1724 2591 320 6598 1207 2469 
High 3112 6971 2405 2304 3534 439 8925 1617 3156 
Irrigatio:1 Lo~o~ 29700 62000 29500 15400 4350 4370 262900 12500 50900 
Host Problible 33000 79400 33600 182JO 4670 4930 288000 15600 55300 
High 33000 84300 37500 18200 6460 4930 291300 24000 6270\) 
Large Ir.<!ustry Low 21 0 0 0 0 0 28414 0 0 
Moat Probable 80 952 20 20 80 0 37582 0 1UO 
H1gh 1036 1200 40 40 1060 20 46062 0 1000 
Energy l.ow 0 0 0 0 0 0 0 0 2051 
Most Probable 155 0 0 0 159 10 60 0 2053 
lligh 460 0 0 0 443 20 2887 0 2060 
Hydropo .... e r 'Low 0 0 0 0 0 0 0 (j 0 
Host Probable 0 0 0 0 0 0 72355 0 0 
lligh 0 75000 0 0 0 0 72355 0 0 
Totds Low 31925 68173 31574 17387 6939 46n 318425 13829 55304 
Host Probable 36127 88058 36222 20691 8337 5292 429110 1725'• 60527 
Hi gh 38306 170:.41 40895 21435 12501 5446 ~50580 26152 69637 
ToTALS 
2J2j3 
Z51i~9 
30733 
45!.2 
)1 71 
6124 
18:<00 
:4:!.:2 
320:.63 
471610 
531 i00 
562390 
28!,)5 
38tH~ 
50·~ 58 
~051 
20:.37 
5870 
0 
72155 
I~B:>S 
5-i8~Sl 
701618 
835393 
% OF 
TOTAL 
.. . ~ .... 
),{:Q 
3.68 
0.83 
0. i!. 
0,73 
3.3:. 
3.!.6 
3.89 
86.03 
75.9::. 
67.J~ 
5.1Q 
!.53 
6.04 
0 . .3:' 
0. 35 
0. 70 
0 
10.31 
l7 , f,.:. 
0\ 
l/1 
Table 18. Total water demand projections for western South Dakota for year 2020 
bEVEL OF GRAND . WHITE NfOBRARA BAD MOREAU ML I TTLE CHEYENNE bAKE E\'ELCDf1ENT RIRS ISSOURI AHE 
Y~ici~al L Li~~t Iadustry Low 330 1790 557 523 4!6 12 !9'86 175 
Host Prr.bable 394 2150 668 622 sno 14 22299 182 
High 489 2681 830 7S9 623 17 27275 227 
P.ural Do::Jest ic Low 170 451 172 124 320 14 3115 238 
Most Probable 204 545 209 149 386 17 3546 287 
HiRh 255 685 262 187 483 21 4306 359 
Stoci.'Jat~:r J.ow 1722 4158 1429 1378 1899 210 5007 949 
Host Probable 2377 5354 1851 171j6 2695 . 334 6820 1239 
Hi~h 3229 71 06 2.056 2346 3695 462 9239 1654 
lrri~ation Low 29700 62000 29500 15400 5760 5030 262900 12500 
Host Probable 33000 70400 33600 18200 6340 5530 311000 15600 
High 33000 84300 40700 18200 7740 'iSJO 3163:10 26600 
Lor&• lnC:ustry Low 21 0 0 0 0 0 28414 0 
Host Probable 115 952 25 25 115 0 37582 0 
High 32~8 1200 50 so 3280 20 46062 0 
Ene:-~y Low 0 0 0 0 0 0 0 0 
Host Proba!>le 159 0 0 0 159 15 so 0 
High 493 0 0 0 468 30 2947 0 
Hyciro?ower Low 0 0 0 0 0 0 0 0 
Host PrC>bable 0 0 0 0 0 0 72355 0 
Hlgh 0 75000 0 0 0 0 72355 0 
Totals 'tow 31943 68399 316~8 17425 8395 5285 319222 13362 
Most Probable 362'·9 88401 36353 207~2 10195 5Ql0 4<;)682 17308 
Higl• 40764 170972 44298 21552 16289 6080 4 78484 2884C 
S~ARPE ToTALS 
ASE 
361 23950 
429 27258 
529 3:,~:.o 
149 4753 
180 5523 
226 6784 
1877 1tl6!. 8 
2428 24!16!. 
322! n:.o8 
!;0900 473690 
5S300 557~10 
63t.OO 595770 
0 28:.)5 
200 39014 
2000 55960 
2051 2051 
205) 2466 
2060 5998 
0 0 
0 72355 
0 147355 
55338 5515:!7 
60590 7H0:.50 
7l4J6 878715 
1, OF 
TOT.lL 
....... 
3 ~ . . ~ 
3.P.; 
o.sn 
0. 7fl 
o. 77 
3.35 
3 • .:.1 
3.:1 'J 
8".89 
76 • .:.9 
6i .SQ 
5.1 1> 
5. 35 
6.31 
0. 37 
0,34 
O.f>S 
0 
9. ~~ 
16.77 
(J\ 
0\ 
Table 19. Total water demand projections for western South Dakota for year 2030 
bEVEL OF GRAND WHITE NfOBRARA BAD MoREAu LITTLE CHEYENNE bAKE S~ARPE EVt;LOPf>lENT RIBS ~~ISSOURI AHE ASE 
~ll.,!C~ncl & !..1hht Ind\Ostry Low 326 1925 613 528 435 .11 20290 178 356 
Most Prc-t~able 39'J 236~ 752 643 535 14 22 928 186 433 
Hip,h 514 3069 972 824 694 17 28~6 7 241 55 4 
i{u r .l l D:>::-.c..~t ic l ow 168 484 185 124 327 13 3265 245 145 
!-lost Probable 210 599 229 153 404 16 3731 303 180 
High 269 78) 299 1911 526 21 456~ 394 235 
Stc.c~•at.;:- Low 1751 4241 1453 1409 19~ 1 231 son 968 1910 
Most Prnbable 2424 5451 1885 1!~01 2749 341 5955 1263 2474 
HJ~\h 3361 7281 2520 2401 3869 487 9595 17Cl 3~05 
:~· rl&atioa Lo1o1 29700 62000 29500 1!''•0) 7360 5030 262900 12500 50900 
Most Pro:,allle 33000 79400 33600 18200 7740 5530 :H2d00 15600 55300 
High 33000 84300 40700 1820~ 7740 5530 333300 294QO 63.:.(;J 
Lilr;;e lndustry LO"..l 21 0 0 0 0 0 25414 0 0 
!'lost Proba!> le 140 952 25 25 140 0 37582 0 200 
High 3298 1200 50 50 3280 20 46062 '0 3200 
Ene:gy Low 0 0 0 0 0 0 0 0 2051 
Most Prutable 159 0 0 0 159 15 100 0 2053 
Hi~h 518 0 0 0 493 30 3007 0 2060 
Hy:!:-o;:<Jwer Low 0 0 0 0 0 0 0 0 0 
Host Probable 0 0 0 0 0 0 72355 0 0 
High 0 75000 0 0 0 0 72355 0 0 
7o:::als I.e-.., 31966 68650 3\751 17461 10043 5285 319951 13891 55362 
Most Probable 36332 88774 36491 20822 11n1 5916 456451 173.52 606!.0 
High 409oO 1716 33 44541 21673 16602 6105 497151 31736 72754 
• 
TOTALS 
246o2 
:?8::56 
35152 
4Q56 
55:!5 
7290 
18966 
253.:.9 
34520 
475:90 
5611 iO 
615570 
28!.35 
31l'64 
57.160 
2051 
2486 
iOS 
\) 
72355 
147355 
55:.)60 
13!.505 
9J3155 
1. or: 
TOT~!.. 
l,. :.s 
.3.85 
3.Sq 
0.8? 
o. "?9 
0.81 
).~2 
3.4) 
3.82 
8S.7!. 
76.!.J 
68.11.> 
5.13 
5.3::! 
6.33 
0.37 
o.::. 
0.68 
0 
9.85 
16 . :::: 
"' ~
another. Water suppli.es with dissolved mineral concentrations greater 
than 1000 mg/1 serve 22 connnunities with a total 1970 population of 
10, 435. Table 20 contains a list of municipalities with quality 
deficiencies. An upper limit of 1000 mg/1 TDS is recommended for 
potable water supplies, less than 500 rng/1 is desirable, however. 
Many Indian communities may have problems which ltave not been reviewed 
her e because of lack of definitive data. A complete classification of 
municipal water supplies can be found in Appendix F. 
68 
Rural domestic water needs are almost wholly dependent upon ground-
water as are most municipalities. However, the costs of drilling to 
aquifers of acceptable quality is often prohibitively expensive. Range 
land livestock depend heavily upon surfa.ce storage ponds which are 
vulnerable to drought and degradation by siltation. In addition, many 
of the. good sites for small reservoir storage have been utilized, and 
renovation and maintenance are expensive alternatives. A distinct need 
exists for a study of water supply alternatives for rura~ areas. 
Industrial and energy development may c.reate problems which are 
inherent to the particular process. The development of these activities 
will be almost exclusively dependent upon national economic and energy 
policy. The alleviation of potential problems must be considered part 
of the development cost and be handled by the legal authority of the 
affected governmental unit. 
The agricultural sector, specifically involving irrigation, cannot 
be adequately appraised for potential development. An inventory of 
soil characteristics vs. water supply quality i.s needed to adequately 
evaluate the long term productivity of irrigation. This information is 
I 
Table 20. Municipalities with Quality Deficiencies as 
determined by TDS. 
Municipality Supply 
Batesland GW-BR 
Belvidere GW-BR 
Bison GW-BR 
Buffalo GW-SA 
Draper GW-BR 
Dupree GW-BR 
Edgemont GW-BR 
Fruitdale GW-BR 
Kadoka GW;...BR 
Lemmon GW-BR 
Mcintosh GW-SFC 
Midland GW-BR 
Morristown GW-BR 
Murdo GT.V/SFC-BR 
Oacoma GW-BR 
Oelrichs GW-SFC 
Philip GW-SFC-ER 
Presho GW-BR 
Provo GW-BR (Igloo 
Reliance GW-BR 
Vivian GW-BR 
1-litten GW-BR 
GW- groundwater 
BR- bedrock aquifer 
SFC-surficial aquifer 
Source 
Water Co.) 
69 
TDS (ppm) 
2168 
2627 
953-1744 
760-1132 
1954-199!~ 
2391-2393 
781-1218 
1065 
1787-1815 
1036-2536 
865-1148 
1530 
1007-1274 
1135-2088 
2171 
1179 
1079-1205 
1477-1567 
1097 
2049 
1818 
2004 
I 
also needed to determine the best utilization of available land 
resources whether irrigation or dry land agriculture is practiced. 
Detailed water use information for specific soil categories and 
management practices is necessary to make reliable estimates ·of future 
water use. The methodology used in this study relied upon average 
reported water applications and did not consider yields, irrigation 
system efficiencies, or water quality. Any one of these factors may 
have a significant influence upon final demand estimates. Much of the 
information needed to evaluate present systems is available but not in 
a read5J.y usable form. 
70 
Environmental needs for instream flows are in the initial stages 
of evaluation. Identification of environmental maintenance goals is 
yet t o be spe~ifically stated. Without those goals, evaluation of 
their significance to development plans is difficult if not impossible. 
The identification of a consistent set of goals is necessary to con-
struct a scenario which represents a possible future condition. 
I n summary, water supply dE~ficiencies identified are: 
1) Municipal water supply problems are quality based. 
2) Rural domestic water supplies of sufficient quality and 
r eliability at a feasible cost are presently unavailable. 
3) I r rigation water is insufficient to meet potential demand with-
out storage of flood flows. The full magnitude of potential 
cannot be evaluated with presently available data. 
4) Environmental goals are not specifically defined. 
C~apter 5 
ADAPTION OF INPUT-OUTPUT MODEL 
WESTERN SOUTH DAKOTA 
71 
I 
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Adaption of the Input-Output Model to Western South Dakota 
. In contrast to the South Platte Riv~r Basin, western South Dakota 
is relatively undeveloped from the standpoint of water reuse .and system 
interdependence. As mentioned earlier the Cheyenne Basin was chosen to 
demonstrate application of the input-output model because of its higher 
degree of development in water supplies and beneficial use as compared 
to the rest of the study area. 
In addition, other parameters are of importance to the South Dakota 
supply-demand system. Water quality and dependability are critical 
considerations in developing appropriate water supplies. Protection of 
the environment by maintaining a minimum instream flow is a new demand 
which has been introduced into the analysis of water supply-demand 
relationships~ 
Ch.oice of the geographical subdivision for water demand was based 
upon common topographic features as well as data availability. Although 
di~aggregation of data was not possible beyond the subbasin level 
because of time and data constraints, rivers were subdivided into 
reaches of quasi-homogeneous quantity and quality resources. When 
g~ographical supply-demand conflicts were encountered, the demand was 
assumed to be from the lowest river segment in the subbasin. 
~igh quality water is a limited resource in the study area. More 
often than not, both surface and groundwater contain high amounts of 
dissolved solids. While degraded physical and biological quality can 
usually be corrected by normal treatment or water management policies, 
chemical improvements are much less amenable to normal treatment 
• 
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procedures. 
For example, retention of water in a storage reservoir will allow 
suspended materials to settle (physical) .and rnicrovrganistns (biological) 
to die (Linsley and Franzini, 19). However, without resorting to 
expensive, sometimes exotic, treatment procedures, only the removal of 
hardness-causing ions can be accomplished by traditional treatment . 
For t his report, total dissolved solids (TDS) was chosen as a reference 
parameter for classifying general water quality. As it turns out, the 
high chemical quality waters .which occur, such as in the Black Hills, 
are also relatively high quality from a biological and physical stand-
point ; further, groundwater quality problems are almost exclusively 
chemi cal in nature. 
Thus the input-output model has been formulated in this report with 
an added "dimension", that is, chemical quality as indicated by TDS. 
Thi s modification has been accomplished with a minimum of format change 
whi le maintaining the computational efficiency and conceptural simplic-
ity of the two dimensional model. 
The quality parameter is used to prioritize the environmental 
supplies (rivers and streams). Similarly, cultural demands are arranged 
in a higher to lower quality array within the matrix. The use of high 
quality water for low quality use or vice versa is easily depicted in 
the matrix. Degradation of quality during use has not been considered 
in this study ; thus the priority listing of sectors operating as demands 
is identical to the sectors operating as supplies. 
It Would be possible to analyze the movement of conservative 
chemical consti.tuents through the system with the input-output model, 
I 
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but no attempt has been made to do this as yet. This would constitute 
a separate analysis which could be a valuable tool in the determination 
of potential future conditions. Such an analysis would provide a 
specific quantity for the quality parameter lvhich could be c.ompared 
to the standard. 
As discussed earlier (p. 15) various boundary conditions or a 
"scenario assumption set" is necessary for model construction. For 
the Cheyenne River Basin as well as other basins, mean climatic and 
hydrologic conditions are reported in this report. For the input-
output model ·of the Cheyenne River Basin, most probable population 
growth, .national economic stability and mean water demand rates 
were employed as the other boundary conditions. No large scale 
changes in system operating characteristics are anticipated in the 
model construction. 
The choice of the reaches was based upon location of gaging 
stations as well as stream water quality. Figure 11 is a schematic 
of the Cheyenne Basin and the watershed areas represented by each 
reach. The watershed areas are adopted from the hydrologic sub-
division cataloging units used by the U.S. Water Resources 
Council (1974). 
The mean flow at each gaging station was adjusted by the average 
net withdrawals for the base year, 1980, to find the streamflow 
originating from natural sources. A summary of flow parameters used 
for the Cheyenne Basin are presented in Table 21, computation details 
are available in Appendix C of this study. Although extrapolation of 
• 
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Qleyenne River Basin Schematic 
--==-=-River Basin Boundary 
----Subbasin Boundary 
---- - - - - Segment Boundary 
Reservoir 
__.-- River 
HYDROLOGIC SECTOR IDENTIFICATION 
Rivers and Streams 
Lower Cheyenne 
Angostura to Mouth 
Above Angostura 
Rapid Creek 
Fruitdale to Elm Springs 
Abov£ Fruitdale 
Spearfish/Redwater 
Hills Tribs 
Reservoirs 
4 Angostura 
6 Pactola 
7 Deerfield 
9 Keyhole 
10 Belle Fourche 
Piaure U. ltiver segmeot schematic of Cheyenne Riv~r Baaill 
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Table 21. Flow parameters of Cheyenne River Basin. 
Runoff 
River Segment tnm (in) 
3 
hm /yr · (acre-ft) 
2-1 Lower Cheyenne 12.2 (0 .48) 106 (88,700) 
4-2 Angostura to Mouth 14.0 (0.55) · 153 (124,300) 
5-4 Above Angostura 5.54 (0.22) 131 (105,800) 
7-3 Rapid Creek 39.8 (1.57) 62.0 (50,300) 
8-2 Fruitdale to Elm Springs 28.8 (1. 13) 199 (161 ,400) 
9-8 Above Fruitdale 9.13 (0. 36) 85.6 (69,400) 
11-8 Spe .. rfish/Redwater 65.1 (2. 56) 155 (125,700) 
12 Hills Tribs 19.3 (O. 76) 38~7 (31;400) 
Subtotal 930 (755,000) 
Less consumptive use and storage . "147 (120,000) 
Measured at Cheyenne Outflow 783 (635,000) 
• 
79 
data was required, a basinwide error of less than one percent resulted. 
The groundwater aquifers are considered reservoirs of storage but 
the actual internal movements and levels are not treated by the model. 
If recharge data was unavailable, it was assumed to be zero. 
All groundwater withdrawals are presented as groundwater storage 
deficits. Similarly, net addition to groundwater would appear as a 
surplus. 
The atmosphere is considered an ultimate source or sink (i.e·. 
without geographic constraints) from which water is supplied by 
precipitation and loss by evaporation • . 
Model analysis of supply/demand relationships have been restricted 
to basin level analysis for 1980, 2000, .and 2030 (Figure 12, 13, 14) 
at the most probable development level~ Detailed information about a 
particular supply or demand is available in the appropriate Technical 
Appendix of the Reconnaissance Report. 
Full development of planning alternatives would require analysis 
of other scenarios containing different development levels. However, 
the water supply situation as it now exists in the study area is not 
so much a problem of competition between users as it is a matter of 
spatial location of demands and appropriate supplies. Planning alterna-
tives seeking to transport water from areas of surplus must consider the 
cost of transportation versus the cost of using locally available ground-
water. The depth and quality of groundwater are important parameters 
which must be considered. Further investigation of groundwater 
resources will be required to make meaningful comparisons between 
surface and groundwater alternatives. 
• 
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Figure 13. 2000 input-output matrix: mean supply-most probable demand 
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Figure 14. 2030 input-output matrix: mean supply-most probable demand 
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The values in the input-output matrices have been presented in a 
space saving manner; for example, the water demand by Rapid City upon 
Rapid Creek (Figure 12) would be read as 5,345 acre-feet. Because of 
the large magnitude difference between different users, large numbers 
have been accommodated by prefixing the nuw~er with a $ which indicates 
thousands of acre-feet. This presents ~practical difficulty in the 
precision of the water volumes themselves, three significant digits are 
assured but additional digits have been carried along to facilitate 
matrix balance. 
All values in the matrices indicat . water exchanges except "Instream 
Flow Surplus" and "Instream Flow Standard" inputs. The Surplus column 
·records the am;:,unt which would be available for di.version given the pro-
jected usage ~nd the specific minimum ipstream flow standard assumed in 
the model. The input sum of these two demand columns is equal to or 
balanced with the "Instream Flow" output total. Caution should be 
applied in the use of these totals because double counting is inv~lved 
in achieving the totals. 
The system balance displays the increasing pressure on both surface 
and ground~o~ater resources with time (Figure 14). The volume of water 
leaving the basin via the Cheyenne River is projected to decrease from 
636,000 acre-feet in 1980 to 583,000 in 2000 while storage deficits 
increase from 25.0 to 50.9 thousand acre-feet during the same time 
period. The storage deficits arise because the groundwater recharge 
rates and groundwater movement is unquantified and have been set equal 
to zero in most cases. Thus the deficits are apparent--a result of the 
recharge assumption and not an actual projected deficit .• 
• 
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The matrix can be queried in any number of ways to obtain informa-
tion about the system. For example, the water use efficiency of the 
''Large Industry" sector, 
Eff. = total use - atmospheric loss 
total use: 
30811 - 2716 
= -----:-3~0-=-8~11~-- = 91 % 
or t he consumptive use of the municipal sector, 
%CU = 158+190+259+545+95 3+54+141 
11660+830+987+699+1065+2311+117+325 = 12 •8% 
• 
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c;hapter 6 
DISCUSSION AND RECO~iDATIONS 
-
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Discussion and Recommendations 
Water Supplies 
No water shortages are indicated by -considering the annual water 
uses and supplies; ho~ever, the time of greatest demand for most water 
uses is also the time of least jnput from natural sources. The critical 
period of the year occurs during midsu~er when green. plant water demand 
is h ighest and precipitation is lower than mean annual. 
Consider, for example, the mean monthly flot-7 during August compared 
to June at the Cheyenne River Station near Cherry Creek (USGS 064393, 
1961-78). 
June 
August 
Mean annual 
79.12 m3/s 
13.92 m3/s 
24.85 m3/s 
These are modified flows and if they are adjusted for withdrawals and 
storage the adjusted amounts would be: 
June 
August 
Annual Total 
80.92 m3/s 
17.04 m3/s 
30.33 m3/s 
The minimum flow required to maintain environmental conditions will 
meet t he severest test during the low flow months which are also 
p.eriods of high demand. 
The differences between the South Platte supply-demand considera-
tions and those in western South Dakota as illustrated by the Cheyenne 
River Basin are mainly an outgrowth of the difference in time scale. 
The South Platte has storage capacity which allows supplies to be 
• 
provided at time of need. South Dakota, on the other hand, has a 
limited storage potential compared to total water available; thus the 
time of water availability is an important consideration. 
For this reason any model which is used to allocate water or 
develop policy must first identify the critical times as well as the 
critical quantities and qualities. The _development of an acceptable 
minimum flow criteria is a major need of policy makers who must deter-
mine the water available for diversion to beneficial use. 
Water ·nemand 
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It is essential to understand the dominant position irrigation holds 
with respect to other users in western South Dakota. The domestic needs 
of 2,300 people can be served by the water requirements of one 130-acre 
center pivot irrigation system applying 18" of water annually. Although 
municipal water is not consumptively used, the reuse potential for 
municipal waste water is limited by volumes, storage difficulties, and 
distribution costs. 
The return flows available from irrigation are limited to project 
irrigation where large volumes are distributed by gravity flows through 
a system of ditches and applied by flood, border strip or furrow. How-
ever, the development of additional project irrigation of this type 
seems unlikely because suitable gravity head opportunities ~re limited 
and canal delivery appears to be unacceptable to large numbers of 
people. Thus the future development of irrigation will most likely be 
Privately developed sprinkler irrigation. Delivery costs are a signi-
ficant consideration for this type of irrigation system and management 
techniques to minimize the application of excess water not needed for 
crop production or leaching are cost effective. Increases in energy 
costs will provide an increasing incentive to reduce total water 
application per acre. 
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Irrigation is primarily a consumptive user of water, thus as irri-
gation technology becomes more refined irrigation acreage will increase 
for the same amount of water but return flow quantities and qualities 
will decrease because of the economic incentives to maintain efficiency. 
Non-consumptive use of water, such as municipal use, can take place 
before the water is consumptively used by irrigation or other evapora-
tive or infiltration losses. However, storage and use of municipal 
efflu~nts for irrigation purposes are possible only if suitable soils 
can be found near the location of the waste water lagoon. lbis would 
provide an additional use of the water and if the water is of high 
quality no soil-water compatibility problems should be encountered. 
In fact, the treatment requirements could be minimized if land appli-
cation is implemented. 
·supply Alternatives 
The implementation of solutions to bring high quality water to 
the Plains communities is based upon the willingness of the population 
served to bear the costs of transportation. Although the reuse of thi s 
water before it is lost by evaporation may provide some economics for 
its delivery, the option of using marginal qualities will also need to 
be .consiqered when delivery costs vary substantially with different 
quality sources. 
.. 
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Decreasing costs of desalinization technology combined with the 
exploitati.on of the geothermal energy present in much of the groundwater 
of the study area may make this an economically competitive solution to 
municipal water supply. Independent investigation of the energy 
utilization and desalinization have taken place but a combination of 
the two has not been studied at this point. Disposal problems inherent 
in the utilization of geothermal energy would be virtually eliminated 
if the cheniical qualities were improved before release to the 
environment. 
Muni~ipa·l and rural domestic vrater supply problems could be solved 
by regional distribution systems, however, financing is perhaps the most 
difficult problem to surmount because of. the high per unit cost inherent 
to low user density situations. 
In the Rapid City area, regional water supply and waste water 
treatment will probably be integrated into a single system. Higher 
population density and the econonies of scale will enable cost effective 
solution for an integrated urban and suburban system. In any case, the 
solution of potable water supply problems and irrigation supply problems 
are not likely to be solved by some sort of integrated system. In fact 
these interests may compete for supplies in the Black Hills area. 
· ·Instream Flow Determinations 
The competition between irrigation withdrawals and instream flows 
is a major concern of surface water allocations. Choosing the environ-
mental stress level upon which these policies should be based is perhaps 
the most difficult. Several schemes have been suggested to allocate 
-
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an appropriate amount to protect environmental integrity. One of those 
methodologies was presented in the Reconnaissance Study and the numbers 
derived from that methodology have been ~sed in this report; however, 
that methodology made the basic assumption of mean flow. Evidence 
exists to show that other basic assumptions may be more appropriate. 
Several methods can be developed w~ich will in some way prescribe 
a portion of the existing flow for · instream uses. Any system which 
prescribes a fixed minimum quantity above zero will be violated at some 
future time simply because of the hydrologic probability of zero flow. 
An absolute restriction on withdra~·:rals such as prescribe.d by · the 
methodology used in this report (Tessmann, 1979) is perhaps most 
desirable from a biological point of view. However, most allocation 
systems attempt to share the risks in some way. Such a system would 
require a variable withdrawal restriction based upon neteorological 
and hydrologic parameters. 
Some consideration should be provided for the location and value 
of the instream resource as well as the upstream to do,vnstream propaga-
tion of deficits resulting from runoff shortages or withdrawals. 
Refining the temporal capabilities of the input-output model is 
necessary before a reliable reflection of reality can be made by the 
model. To provide a management and planning tool of this complexity 
will require electronic data processing. The capability exists within 
the model concept and data is available on the appropriate time scale. 
· ·,!rejections 
The projections in the Reconnaissance Study are conservative. No 
-
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large scale water consuming developments have been projected for western 
South Dakota within the next 50 years. The water resources in the area 
are limited and transporting water to enhance agricultural production, 
the major activity of the area, is a very expensive proposition. Thus 
lower economic potential of locally available resources as compared to 
resources available in other states in ~he region was c.onsidered suffi-
cient to restrain development to t'hat possible with private sources of 
capital. 
The usefulness of the input-output model is in no way limited to 
the projections presented here; however, the projections are considered 
to be a reasonable future probability. More complete and definitive 
data would enhance the model product. 
Additional Considerations 
Other factors which should be considered in making scenario choices 
are the political and institutional considerations. Physical limita-
tions and infrastructure barriers and public willingness to accept 
changes must be reflected in scenario assumptions. To do this, a set 
of decision rules that are resolved by modification of the scenario 
assumption set are nece.ssary. 
In many cases this requires a development of basic data. For 
example, considerable amounts of public funds have been spent to 
directly aid development of surface storage for stock water supplies. 
Satisfying that demand by pipeline rather than developing and main-
taining ponds could be a decision criteria for rural water system 
development. 
-
Developing plans to transport water for irrigation purposes would 
certainly require a complete appraisal of crop productivity, soil 
chemistry, soil intake rates, and subsurface drainage. This kind of 
information, although not a direct model input, is most important to 
the construction of alternative model solutions. The importance of 
implicit assumptions which influence the basic model input must not be 
minimized because the product is directly related to these boundary 
conditions. 
Any water development plans in South Dakota must be part of an 
integrated system. Agriculture is -the major user of water and is th~ 
primary determinant of state economic health. Development of water 
resources within South Dakota must either enhance state agricultural 
productivity or serve the needs of other water using industries. If 
these conditions are not met, a sound economic basis for sustaining 
future development will not be available. 
Western South Dakota is but a part of a regional area upon which 
national energy demand will have significant -impacts. The development 
of South Dakota water resources is dependent upon the means used to 
satisfy these regional and national concerns. 
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Chapter 7 
SUMMARY 
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·Summary 
The supply-demand system of western South Dakota was analyzed from 
available data to determine a base year of 1980 • . The base year demand 
was projected by decade for the next 50 years. Projections indicate 
that even with ·development restricted by diminishing water supplies, 
irrigation will consume an increasing portion of total water supply. 
Annual mean water supplies are sufficient to meet projected demands; 
however, naturally occurring flow variation· will cause seasonal 
shortages. ~nvironrnental requirements for instream flow and priority 
users such as municipal and domestic must be considered in the alloca-
tion of supplies. Policy decisions concerning instream flows will 
affect the actual quantities available for diversion and ·use at a 
specific time during the year. High irrigation projections have 
assumed storage of spring flood flows for use during water short 
periods of the year when irrigation demands are greatest. 
Munic ipal and rural domestic supplies are virtually all served by 
groundwater much of which is of poor chemical quality. Solution of 
these supply problems will require transportation of high quality water 
or pumping from groundwater aquifers. 
An input-output model to assist in planning future water supply-
demand problem solutions was the basis for the data organization scheme 
used in this study. The input-output methodology characterizes all 
water suppliers and users by the water input to an entity and output 
from the entity afte~ use. A mass balance constraint is placed upon 
all water movements throughout the system.. This permits accounting 
-
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for all water entering the system until it exits the system. Entries 
(inputs) tnust equal exits (outputs) at the base level of disaggregation; 
the volume of water input to each individual element and the source(s) 
of that water is identified. The destination(s) of the water output 
from each element is also identified. 
Aggregation of elements into a sector is simply a matter of summing 
the volumes involved and accounting for each source or destination. 
Input sources anJ export des.tinations are arrayed in a matrix and 
volumes are used to quantify exchanges between or among sectors. 
The input-output model is a data wanagernent tool that can provide 
information for decision making. As presently configured the model 
product is based upon an annual time base; this does not identify the 
critical time of water supply-demand problems. A more useful product 
would employ a computer to manipulate the large increase in data 
required for a shorter time base. 
The model product is an easy to understand format which transmits 
a l~rge amount of information in a compact form. In addition, it can 
be made compatible with a large data base that contains a number of 
categorically distinct water data. The model construct is amenable to 
any resource allocation problem especially those geographically based 
and quantified on a single parameter. 
Several things pertinent to the western South Dakota Study Area 
have been learned as a result of the investigation of the input-output 
model for a water resource planning tool. As mentioned above, a more 
P~imitiv~ natural resource system such as that existing in western South 
Dakota requires a shorter time scale. Water shortages in the study area 
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are ones of time and space rather than ones of total quantity. Further, 
the quality of water available is not appropriate for potable supplies 
in many areas. Potable supplies are nearly all met by groundwater 
supplies; thus, quality deficiencies are actually spatial because 
groundwater quantities of acceptable quality are large but not well 
distributed throughout the area. 
A model must be capable of mimicking the real system; thus because 
of the unique problems which exist in western South Dakota a monthly 
rather than yearly time base and a geographically disaggregated data 
base must be developed. The annual projections which can be found in 
this study (p.3~) are of value because the major consumptive user, 
irrigation, is projected to become even more dominant in the future. 
Irrigation water use is dependent upon meteorological parameters and 
the temporal variation can be estimated from evapotranspiration require-
ments as well as reported applications. Quantifying hydrologic varia-
tion is possible because hydrologic gaging stations have daily reports. 
Lastly, location of irrigation can be determined ' by irrigation permits. 
Extending the model capabilities in this direction would permit 
evaluation of the full breadth of the projections available. A 
generalized system based upon probability of monthly withdrawals for 
irrigation as well as the probability of occurrence of surface flows 
and instream requirements would represent a major step in the directio 
?f evaluating the surface water available. Groundwater investigations 
are needed to evaluate potential for serving needs requiring hi.gh 
reliability. 
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APPENDIX 
Appendix A 
Population Projections 
In order to estimate water needs for western South Dakota, 
population projections are required from· 1980 to 2030. 
Background 
101 
From 1930 to 1970, the West River ~rea increased in population from 
166, 173 to 182,173. Most of the growth occurred in Meade and Pennington 
Counties , while most of the remaining counties lost population. Tech-
nological change in agriculture '{~hich reduced the need for agricultural 
wor kers is often cited as the major reason for population decreases jn 
rural counties. The porulation increases in the Black Hills area are 
attributed to the development of various industries (mining, tourism, 
lumber, light industry) and the presence of Federal installations. 
Since 1970, the population in the West River area has continued to 
grow. The 1978 Bureau of Census estimates for South Dakota's West River 
· counties showed a population of 200,215, a 10 percent increase since 
1970 . Most of this growth occurred in Meade and Pennington Counties 
with two notable exceptions; first, the resurgence of energy development 
has caused an increase in the population of Fall River and Butte 
Count ies. Some of the growth in Butte County is attributed to its 
proximity to Wyoming where rapid energy development is occurring and 
housing is in short supply. Secondly, population increases have occur r ed 
on the I ndian Reservations located in Washabaugh, Shannon, Dewey, 
Ziebach, Todd and Stanley Counties. Alternate estimates of the popula-
tion fo r ~all River and Harding Counties are provided for use in 
planning under conditions of energy development. 
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Continued growth in these areas will depend on the continuation of 
factors already at work and the ability of planners to provide for the 
needs of an increasing population in the future. 
1980 Population Estimates 
Estimates of the 1980 population for each county in the West River 
area were made by straight line extrapolation of each county's growth 
or decline based on Census Bureau data from 1970 to 1978. The popula-
tion for each community in 1980 was determined by applying each co~ 
munity's 1976 percent share of the county population to the total 
county population. 
The'rural population estimates for Indian communities to 1980 were 
supplied by the Office of Environmental Health. It was noted that in 
counties where population declined (i.e. Gregory) communities within 
the county also declined. The situation was similar for counties that 
gained population, that is communities increased. Rural populations 
have tended to be stable or to be approaching stability. The 1980 
population estimates for counties and the 1970-1978 growth rates were 
used a s a basis for projecting population to the year 2030. The only 
exception from this method was La~vrence County which had a small 
negat ive growth rate but was projected using a small positive growth rate. 
' 1990~2030 Population Projections 
Table A.1 shows each county population in 1970 and estimated 
population for 1978 along with its compound growth rate for 1970-1978. 
ASsumpt i~ns made about the growth rate determined county population in 
the future. Counties were classified (see following page) as growth 
.... 
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counties, stable, or declining. Counties were considered to have stable 
populations if the compound growth rate was between -0.25 and +0.25 for 
1970-1978. Figures A.1, A.2 and A.3 depict graphically the historic 
and projected population or representative counties for each of the 
above classifications. 
1be most probable population for each county was calculated by 
weighing the 1970-1978 growth rate. The weighing procedure gradually 
Table A. 1. Population compound growth rate.s. 
1978 
1970 Population Compound 
County Population Estimates Growth Rate 
Bennett 3,088 3,005 -0.34 
Butte 7,825 8,553 1.12 
Corson 4,994 5,079 0.21 
Custer 4,698 5,563 2.13 
De\>7ey 5,170 6,122 2.14 
Fall River 7,505 9,079 2.41 
Gregory 6,710 6,240 -0.90 
Haakon 2,802 2,804 0.01 
Harding 1,855 1,819 -0.24 
Jackson 1,531 1,557 0.21 
Jones 1,882 1,575 -2.20 
Lawrence 17,453 16,763 -0.50 
Lyman 4,060 4,123 0.19 
Meade 17,020 19,579 1.77 
Mellette 2,420 2,233 -1.00 
Pennington 59,349 70,951 2.26 
Perkins 4,769 4,736 -0.09 
Shannon 8r,198 8,536 0.51 
St.anley 2,457 2,576 0.59 
Todd 6,606 7,243 1.16 
Tripp 8,171 8,044 -0.20 
Washabaugh 1,389 1,575 1.58 
Ziebach 2,221 2,460 1.29 
reduced positive or negative growth rates to a small fraction of each 
county's 1970-1978 growth rate. Counties with historically increasing 
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Figure A. 1. Gregory Counties popul~tion projection. 
This county is indicative of the ~opulation trends in counties 
classified as declining (greater than -0.25 growth rate). Other 
counties in this group: Bennett, Jones, and Mellette. 
Lawrence county was also in this group but because of its location 
and the population tre~ds in surrounding counties a growth trend 
aimilar to that presented in Figure 3-was assumed. 
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!igure A.2. Population projections for Raakon County. 
This curve is representative of counties with relatively stable 
population growth patterns. (-0.25- 0.25 gro~~h rates). Other 
counties in this group: Corson, Harding, Jackson, Lyman, Perkins, 
and Tripp. 
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Figure A.3. Population projections for Pennington County~ 
These curves are representative of those counties with increasing 
growth rates (greater than +0.25). Other counties in thia group: 
Butte, Custer, Dewey, Fall River, Meade, Shannon, Stanley, Todd. 
Washabough, Ziebach. 
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or declining populations continued to increase or decline but at a 
slower rate. The only exception to this is counties with Indian 
reservations where continued high growth is expected in the future. 
High and low projections were calculated by constructing an interval 
around the most probable projection that increased from 5 percent in 
1990 to 30 percent in 2030. The int·e~al grows larger with time in 
order to reflect the increased uncertainty of the projections. Com-
munity populations were determined by their 1976 percent share of the 
county population. Adjustments were made to communities that did not 
follow the county trend. 
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Once projections were made for each county, the population was 
subdivided into its respective river basins. TI1is was accomplished by 
first placing the communities in each county into the proper. river 
basin. The rural population was then assumed to be evenly distributed 
throughout the county, except for Meade and Pennington, so that the 
percent of land area of each county, in each basin, represented the 
same percent of rural population in the basin. For instance, 28 percent 
of Harding County is in the Moreau River Basin so 28 percent of the 
rural population was assumed to be located there. Meade and Pennington 
Counties have highly concentrated rural populations located between 
Rapid City and Sturgis in the Hills Cheyenne and Belle Fourche subbasins . 
For these counties, rural populations were apportioned to river basins 
by assuming a rural population density of 0.8 persons per square mile 
for all parts of each county except the portions located in the Hills 
Cheyenne and Belle Fourche subbasins. Rural population was then computed 
for the other basin and subbasin areas of Meade and Pennington Counties 
and the balance of the rural population was then located in the Hills 
Cheyenne and Belle Fourche subbasins. 
Communities of less than 100 people were held constant in the 
projections partly because of the inability to even suggest what 
population changes may occur in the future for small communities and 
partly because of the relative stability in their populations. Com-
munities with more than 100 people but less than 500 people in 1980 
were projected individually, then aggregated into one category that 
reflected the growth pattern of th~ river basin. Projections are 
shown for communities with 500 or more people. Indian communities 
were included in the above categories (Tables A.2, A.3, A.4). 
·sunttilary: ··uses ·a.nd Limitations 
L~less ra?id and substantial changes in population trends occur, 
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the true population of each basin and subbasin area should fall between 
the high and low projections. Two problems may .occur with community 
estimates: in counties with both Indian and white communities (i.e. 
Lyman County), the Indian communities may grow faster but the methodol ogy 
used allows only for uniform increases based on . the community's 1976 
percent share of the county. Secondly, counties with rapid growth due 
to energy development or other factors are likely to be concentrated 
in a single community or area of the county. The two problems may 
lead to overestimation in some communities and underestimation in others. 
The population projections were developed primarily to be used by 
planuers.in determining current and future water needs in each river 
basin and subbasin area in western South Dakota. 
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The validity of the estimates were checked by comparing them with 
projections made by Chase Econometrics up to 1988. A 1988 state 
projection was cal~ulated by computing the projected West River per-
cent share of the state's population (29.59 percent) and dividing it 
into the 1988 most probable West River population (226,357). The 
resulting state population of 704.9 thousand for 1988 differs from 
the Chase Econometrics prediction by about 3 percent. 
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Figure A.4. Population projection for western South Dakota study area. · 
Table AM2 
COUNTY 
Bennett 
Butte 
Cora Oil 
Custer 
Devey 
Fall tiver 
I 
Most Probable population projection for western South Dakota 
MUNICIPALITY POPULATION 
1980 1990 2000 2010 2020 
2,984 2,884 2, 788 2,741 2,695 
Hartin 1,325 1,281· 1,238 1,217 1,197 
3rd Class 303 292 283 278 273 
Rural 1,356 1,311 1,267 1,246 1,225 
8,735 9.762 10,321 10,913 11,222 
Belle Fourche 4,813 5 ,379' 5,687 6,013 6,183 
Newell 708 791 837 885 910 
3rd Class 317 354· 374 396 407 
Rural 2,897 3,238 3,423 3,r)19 3,722 
5,100 5,209 • 5,320 5, 1t33 5,677 
McLaughlin 867 8jl 910 929 969 
Morristown 117 120· 122 125 130 
3rd Class 1,804 1,837 · 1,876 1,916 1,999 
Rural 2,312 2,361· 2,412 2 ''•63 2,569 
5,779 7,138 . 7,938 8,827 9,ll0 
Custer 1,849· 2 t 284! 2, .:;. !10 2,824 '2. 979 
3rd Class 416 514 571 636 670 
Rural 3,514 4,340 · 4,827 ~- ,367 5,661 
6,360 7,856 8,738 9,719 10,251 
Eagle Butte 649 · 802 892 992 1,046 
Timber Lskc 731 903 1,004 1,117 1,173 
3rd Class 859 · 1,061 1,180 1,313 1,385 
Rural 4,121 5,090 5,662 6,297 6,642 
9,473 10,678 8,366 7,875 7,414 
Edgemont 1,535 1,7~0 1,356 1,276 1,201 
Hot Springs 5,537 6,241 4,890 4,603 4,334 
3rd Class 251 284 221 209 196 
Rural 2,150 2.423 1,899 1,787 1,683 
2030 
2,649 
1,176 
269 
1,204 
11,540 
6, 359 
935 
419 
3,827 
5,788 
990 
133 
2,041 
2,624 
9,819 
3,142 
363 
5,971. 
10,614 
1,104 
1,243 
1,460 
7,007 
6,979 
1,131 
4,079 
185 
1,584 
..-..-..-
Table A.2 Continued 
COUR'l'T MIJNICIPALift POPULATION 
1980 1990 2000 2010 2020 2030 
G't·egory 6,123 5,852 5,722 5,594 5,530 5,467 
Burke 790 755 738 722 713 705 
Gregory 1,635 1,563 1,528 1,.494 1,477 1,460 
3rd Class 772 738 468 705 697 689 
Rural 2,926 2,796 2,734 2,673 2,643 2,613 
Bar dina 1,810 1,787 1,764 1,7.53 1,745 1,733 
Buffalo 362 357 353 351 349 347 
3rd Class 130 157 173 144 132 129 
Rural 1,318 ·1.,301 1,285 1,276 1,271 1,262 
Uaakon 2,805 2,808 2,811 2,814 2,817 2,820 
Philip 951 952 953 954 955 956 
3rd Class 297 297 298 298 298 299 
Rural 1,557 1,559 1,560 1,562 1,564 1,565 
Jackeon 1,564 1,597 1,631 1,665 1,701 1,737 
Kadoka 779 795 812 829 847 865 
3rd Claoa 155 159 162 165 169 172 
Rural 630 643 657 671 685 700 
Jonea 1,498 1,341 1,269 1,234 1,217 1,208 
Murdo 679 608 575 559 552 548 
3rd Class 148 132 126 U2 120 119 
Rural 671 601 568 553 54.5 541 
Lavrenca 16,591 17,010 i.7,440 17,668 17,900 18,134 
Deadwood 2,240 2,297 2,335 2i385 2,417 2,448 
Lead 4,778 4,899 5,023 5,088 5,155 5,222 
Spearfish 4,314 4,423 4,535 4,594 4,654 4,715 
Whitewood 816 837 858 869 880 892 
3rd Class 100 101 12'• 107 108 110 
Rural 4,343 4,4)3 4,565 4,625 4,686 4~747 
Lyua 4,139 4,219 4,301 4,385 4,470 4,557 
Presho 940 9.5S 977 996 1,015 1,035 
Lower Brule 1,140 1,162 1,185 1,208 1,231 1,255 
Jrd Class 995 1,014 1,033 1,054 1,075 1.096 .-Rural 1,064 1,085 1, _06 1,127 1,149 1,171 .-
N 
I 
Table A.2 Continued 
COUN'tf MUHICIPALI1'! POFULATION 
1980 1990 200C 2010 2020 2030 
Meadft 20~219 24,156 28,?79 32,826 37,444 40,885 
P'aith 789 943 1, 1.23 1,281 1,461 1,595 
n !n c k!·&aw'" 647 773 921 1,050 1,198 1,308 
SturgJ.s 6,243 7,467 8,896 10,147 11,575 12,638 
Rural 12,535 14.976 17,842. 20,351 23,214 25,347 
Mellette 2,186 1,977 1~880 1,788 1,744 1,701 
White lll\'ftl' 505 457 ll34 413 403 393 
Jrd Class 628 568 540 514 501 426 
Rural 1,053 S52 906 861 81t0 819 
PenningtOD 73,852 87,369 100,400 112,341 118,852 122,222 
Box Elder 886 1,048 1,204 1,348 1,426 1,466 
New Underwood 591 699 803 899 95i 978 
Rapid City 54,946 65,003 71· '698 83,582 88,426 90,933 
Wall 886 1,048 J.,204 1,348 1,426 1,466 
3rd Class 1,113 1 ,317 1,514 1,692 1,791 1,843 
Rural 15,430 18,254 20,977 23,472 24,832 25,536 
Per kina 4, 728 ~.687 4,666 4,646 4,626 4,607 
Lemmon 1,953 2,130 2,217 2,303 ' 2. 3.89 2,474 
3rd Class 383 411 . 434 451 471 485 
Rural 2,392 2,609 2, 715 2,821 2,927 3,030 
Shannon 8,621 9,069 9,539 10,033 10,553 11,100 
Kyle 550 579 609 640 673 . 708 
Pine Ridge 4,600 4,839 5,090 5,353 5,631 5,923 
3rd Class 2,160 2,272 2,389 2,514 2,-61;4 2,781 
Rural 1,311 1,379 1,451 1,526 1,605 1,688 
Stanley 2,606 2,765 2,933 3,112 ·3,302 3,502 
Ft. Pierre 1,579 1,615 1, 777 1,886 2,COl 2,122 
Rural 1,027 1,090 1,!.56 1,226 1, 301 1,380 
Todd 7,404 8,316 10, '·6 7 13,176 16,586 20,878 
Mission 705 792 997 1,255 1,579 1,988 
Rosebud 2,545 2,&58 3,598 4,529 5,701 7,176 
St. Francia 1,058 1,116 1,405 1,769 2,227 2,803 
Antelope 944 1,056 1,329 1,673 2,106 2,652 ... 
3rd Class 897 1,084 1,364 1, 717 2,162 2,720 ~ 
Rural 1,255 1,410 1, 774 2,233 2,811 3,539 
w 
Table A.2 Continued 
COUNT! MlmiCIPALift 
1980 1990 
Tripp 8,012 7.932 
Wi nner 3,621 3 , 585 
3r d Class 739 731 
Rural 3,652 3,616 
Waahabauah 1,622 1,898 
3rd C1aea 455 532 
Rural 1.167 1,366 
Ziebach 2,508 2,863 
Dupree 607 693 
3rd C1asa 557 636 
Rural 1,344 J.,534 
Western SD 
Without PeDDin&ton County 130,374 141.804 
With Pennington County 204,226 229,173 
Municipal 135,265 152,109 
Rural 68,961 77,064 . 
POPULATIOI 
2000 2010 
7,853 7,775 
3,55Q 3, 514 
723 717 
3,580 3,544 
2,221 2,598 
623 729 
1,598 1,869 
3,254 3,697 
788 895 
722 821 
1,744 1,981 
150,001 160,272 
250,401 272,613 
166,153 181,070 
. 84,248 91,543 
2020 
7.698 
3, 479 
710 
3,509 
3,040 
853 
2,187 
4,201 
1,017 
933 
2,251 
171,133 
289,985 
192,199 
97,786 
2030 
7,621 
3.445 
7C2 
3, 474 
3,558 
998 
2,560 
4,733 
1,155 
1,060 
2,558 
181,670 
303,892 
201,015 
102,-877 
.... ,... 
~ 
Table A.3 High population pro~J ect:f~on for western South Dakota. 
· ~ 
COUNTY MUNICIPALITY POPUlATION 
1980 1990 2000 2010 
Bennett 2,984 3,172 3,206 3,289 
~.art in 1,325 1,408 1,424 1,460 
Jrd Class 303 323 325 334 
Rural 1,356 1,441 1,457 1,495 
Butta 8,735 10,738 11.859 13,096 
Belle Fourche 4,813 5,917 6,540 7,216 
Newell 708 e10 952 1,061 
3rd Class 317 390 431 476 
Rural 2,897 3,551 3,936 4,343 
Coraou 5,100 5,730 . ,118 6,520 
McLaughlin 867 980 1,046 1,115 
Morristown 117 131 140 150 
3rd Class 1,804 2 ,021 2,159 2,299 
Rural 2,312 2,598 2, 773 2,9~6 
Custer 5,779 7,852 9,1.29 10,592 
Custer 1,849 2,512 2,921 3,389 
3rd c~_aas 416 565 657 762 
Rural 3,514 4,775 . 5,551 6,441 
Devt1y 6,360 8,642 10,049 1l,663 
Eagle Butta 649 882 1,025 1,190 
Timber Lake 731 993 1,155 1,341 
3rd Class 859 1,167 1,358 1,575 
Rural 4,121 5,600 6,511 7,557 
Fall ltiver 9,473 11,746 13,306 14,442 
Edgemont 1,535 1 , 903 2,156 2,340 
Hot Springs 5,537 6,866 7 t 777 ·8,441 
3rd Class 251 3ll 353 363 
Rural 2,150 2,666 3,020 3,278 
2020 
3,369 
1,496 
342 
1,531 
14,027 
7,729 
1,137 
509 
4,652 
7,084 
1,211 
163 
2,499 
3,211 
11,638 
3, 724 
837 
7,077 
12,814 \. 
1;308 
1,473 
1,730 
8,303 
15,501 
2,512 
9,060 
411 
3,518 
2030 
3,444 
1,529 
350 
1,565 
15,002 
8,266 
1,216 
545 
4,975 
7,524 
1,286 
173 
2,654 
3,411 
12,765 
4,084 
446 
7,762 
14,058 
1,435 
1,616 
1,898 
9,109 
16,364 
2,652 
9,565 
433 
3,714 
..... ..... 
ln 
Table A.3 · Continued 
COUMTY !WNICIPALift POPUU.TION 
1980 1990 2000 2010 2020 2030 
Gregory 6,123 6,437 f .• 580 6,713 6,913 7.107 
Burke 790 831 849 866 892 917 
Gregory 1,635 1, 719 1,757 1, 793 1,846 1,898 
3rd Class 772 811 830 846 871 896 
Rural 2,926 3,076 3,144 3,208 3,304 3,396 
Bardin& 1,810 1.966 2,029 2,104 2,181 2,253 
Buffalo 362 393 406 421 436 451 
3rd C1asa 130 173 199 173 165 167 
Rural 1,318 1,432 1,477 1,532 1,588 1,641 
Baakon 2.805 3,089 3,233 3~77 3,521 3,666 
Philip 951 1,047 1,096 1,145 1,194 1,243 
3rd Class 297 327 342 357 373 388 
Rural 1,557 1, 715 1, 795 1,875 1,954 2,035 
Jackaun 1,564 1,757 1,876 1,998 2,126 2,258 
Kadoka 779 875 934 995 1,059 1,125 
3rd Claaa 155 114 186 198 211 223 
Rural 630 708 756 805 856 910 
Jonea 1,498 1,475 1,459 1,481 1,521 1,5?0 
Murdo 679 669 661 671 689 712 
3rd Claaa 148 145 144 147 151 155 
Rural 671 661 654 663 681 703 
Lawrence 16,591 18 ,371 19,533 20,672 21,659 21,659 
Deadwood 2,240 2,480 2,637 2,791 2,924 2,962 
Lead 4,778 5,291 5,625 5,953 6,238 6,319 
Spearfish 4,314 4, 777 5,079 5,375 5,632 5,705 
't.'hite~Jood 816 904 ~61 1,017 . 1,065 1,079 
3rd Class 100 110 118 125 130 123 
Rural 4,:343 4,809 5,113 5,411 5,670 5,744 
Lyman 4,139 4,641 4,946 5,262 5, 588 5,924 
Presho 940 1,054 1,123 1,195 1,269 1,345 
Lower Brule 1,140 1,278 1,362 1,449 1,539 1,632 
3rd Class 995 1,116 1,190 1,265 1,344 1,424 
Rural 1,064 1,193 1,271 1,353 1,436 1.523 ... ..... 
0\ 
Table A.3 Continued 
COUNTY. MUHICIPALI'f! ~OPULATIOH 
1980 1990 2000 2010 2020 2030 
Meade 20,219 26,088 32,232 38,406 45,307 49,471 
Faith 789 1,018 1,258 1.499 1,768 1,930 
Blackhawk 647 835 1,031 1,229 1,450 1,583 
Sturgis 6,246 8.064 9,963 11,872 14,005 15,292 
Rural 12,535 16,1i4 19,983 23,810 28,089 30,670 
Mellette 2,186 2,175 2,162 2,146 2,180 2,211 
White River 505 502 499 496 504 511 
Jrd Class 623 625 622 616 626 635 
Rural 1,053 1,048 1,041 1,034 1,050 1,065 
Pennington 73,852 91,737 107,428 131,439 llt2,622 146,666 
Box Elder 886 1,101 1,289 1,577 1, 711 1,760 
New Underwood 591 734 860 1,052 1,141 1,174 
Rapid City 54,946 68,252 79,927 97,7Sl 106,111 109,120 
Wall 886 1,101 1,289 1,577 1,711 1,760 
3rd Class 1,113 1,382 L,618 1,980 2,150 2,209 
Rural 15,430 19,167 . 22,445 27,462 29,798 30,643 
Perk ina 4,728 5,156 5,366 5,575 5,785 5,989 
Lemmon 1,953 2,130 . 2,217 2,303 ·2. 389 2 • .4 7.4 
3rd Class 383 417 434 451 471 485 
Rural 2,392 2,609 2, 715 2,821 2,927 3,030 
Shannon 8,621 9,976 10,970 12,040 13,191 14,430 
Kyle 550 636 700 768 842 921 
Pine Ridge 4,600 5,323 5,853 6,424 7,038 7,700 
3rd Class 2,160 2,500 3,251 3,017 3,305 3,615 
Rural 1,311 1,517 1,668 1,831 2,006 2,194 
Stauley 2,606 3,042 3,373 3, 734 4,128 4,553 
Ft. Pierre 1,579 1,843 2,044 2,262 2,501 2,759 
Rural 1,027 1,199 1,329 1,472 1,627 1,794 
Todd 7,404 9,148 12,037 15.~11 20,733 27,141 
Mission 705 871 1,146 1,506 1,974 2,584 
Rosebud 2,545 3,144 4,138 5,435 7,127 9,329 
St. Francia 1,058 1,228 1,616 2,123 2,783 3,644 
Antelope 944 1,162 1,529 2,008 2,633 3,477 
Jrd Class 897 1,192 1,568 2,059 2,702 3,507 ..... ..... Rur·al 1,255 1,551 2,040 2,680 3,514 4,600 ........ 
Table Aa3 Continued 
COUNTY MUNICIPALITY 
1980 1990 
Tripp 
8.012 8,725 Wi nner 3,621 3,944 3rd Cl ass 739 804 Rural 3,652 3,977 
Washabaugh . 
1,622 2,088 3rd Class 455 586 Rural 1,167 l,502 
Ziebach 
2,508 3,149 Dupree 607 762 3rd Class 557 699 Rural 1,344 1,688 
Western SD 
Without Pennington County 
130,374 155,163 
With Pennington County 
204,226 246,900 Municipal 
135,265 162,233 Rural 
68,961 84,667. 
POPU'...ATION 
2000 2010 
9 ,031 9,330 
4,.082 4,217 
833 860 
4,116 4,253 
2,554 3,118 
716 875 
1,838 2,243 
3,742 4,436 
9C6 1,074 
831 985 
2,005 2,377 
.:.74,820 195,805 
282,228 327,244 
185,590 216,344 
96,638 110,900 
2020 
9, 623 
4,350 
887 
4,386 
3,800 
1,0611 
2,734 
5,251 
1,271 
1,166 
2,814 
217,940 
360,562 
237,836 
1'22,726 
2030 
9,907 
4,478 
913 
4,516 
4,625 
1,272 
3,328 
6,205 
1,502 
1, .178 
3,325 
238,126 
384,792 
253,139 
131,653 
.... .... 
Q) 
Table A.4 Low population projection for western South Dakota. 
COUNTY MUNICIPALI'rY POPULATION 
1980 1990 ' 2000 2010 
Bennett 2,984 2,740 2,509 2,330 
Martin 1,325 1.217 1,114 1,035 
3rd Class 303 278 255 236 
P.ura1 1,356 1,245 1,140 1,059 
Butte 8,735 9,274 9,289 9,276 
Belle Fourche 4,813 5,110 5,118 5,111 
Uewe11 708 752 753 752 
3rd Class 317 336 337 337 
Rur.al 2,897 3.076 ? 081 3,076 
Cora on 5,100 4,949 4,788 4,618 
McLaughlin 867 846 819 ?90 
Morristown 117 114 110 106 
3rd Class 1,804 1,745 1,688 1,629 
Rural 2,312 2,244 2,171 2,093 
Cuater 5,779 6,781 7,144 7 ,503' 
Custer 1,849 2,171) 2,286 2,401 
3rd Class 416 488 51.4 540 
Rural 3,514 4,123 4,344 4,562 
Dewey 6,360 7,463 7,864 8,261 
Eagle Butte 649 658 709 761 
Timber Lake 731 858 904 949 
3rd Class 859 1,111 1,155 1,198 
Rural 4,121 4,836 5,096 5,353 
Pal11l1ver 9,473 10,11.4 7,529 6,694 
Edgemont 1,535 1,644 1,220 1,085 
Hot Spr'ings 5,537 5,92? 4,401 3,913 
3rd Class 251 269 199 177 
Rural 2,150 2,302 1,709 1,519 
2020 
2,237 
993 
227 
1,017 
9,314 
5,132 
755 
388 
3,089 
4,704 
805 
108 
1,659 
2,132 
7,727 
2,472 
556 
4,699 
8,508 
844 
978 
1,173 
5,513 
6,154 
997 
3,597 
163 
1,397 
2030 
2,146 
953 
218 
975 
9,347 
5,150 
758 
339 
3,100 
4,688 
802 
108 
1,653 
2,125 
7,953 
2,545 
57.2 
4,836 
8,759 
936 
1,077 
1,071 
5,675 
5,653 
916 
3,304 
150 
1,283 
... ... 
\0 
Table A.4 Continued 
COUNTY MUNICIPALITY POPULATION 
1980 1990 2000 2010 2020 2030 
Gregory 6,123 5,559 5,150 4,755 4,590 4,428 
Burke 790 717 664 613 592 571 
Gregory 1,635 1,484 1,375 1,270 1,226 1,182 
3rd C1ase 712 702 650 600 579 559 
Rural 2,926 2,656 2,461 2,272 2,193 2,116 
Hal:din& 1,810 1,698 1,588 1,490 1,448 1,404 
Buffalo 362 3'•0 318 298 290 281 
3rd Class 130 149 156 123 110 104 
Rural 1,318 1,236 1,156 1,085 1,054 1,022 
Baak.on 2,805 2,668 2,530 2,392 2,338 2,284 
Philip 9Jl 905 858 811 793 774 
3rd Class 297 282 268 253 247 242 
F.ural 1,557 1,481 1,404 1,328 1,298 1,268 
Jaeksou 1,564 1,517 :..,468 1,415 1,412 1,407 
Kadoka 779 756 731 70~ 703 701 
3rd Claea 155 150 146 140 140 139 
Rural 630 611 591 570 5-69 567 
Jonee 1,498 1 ~ 274 1,142 1,049 1,010 1,010 
I-iurdo 679 571 518 475 458 458 
Jrd Class 148 126 112 104 100 100 
Rural 671 571 512 470 452 452 
Lawrence 16,591 16,330 16,394 16,078 15,931 16,139 
Deadwood 2,240 2,205 2,213 2,171 2,151 2,179 
Lead 4, 778 4,703 4, 721 4,630 4,588 4,648 
Spearfish 4,314 4,246 4,263 4,181 4,142 4,196 
Whitewood 816 803 806 791 784 7"J4 
3rd Class 100 98 100 96 96 97 
Rural 4,343 4,275 4,291 4,209 4,170 4,_225 
Lyua 4~139 4,008 3,871 3, 727 3,710 3,690 
Presho 940 910 879 846 843 838 
Lower Brule 1,140 1,104 1,066 1,027 1,022 1,016 
3rd Class 995 964 931 896 891 887 
Rural 1,064 1,030 ~:i5 958 954 949 
.... 
N 
0 
Table A.4. Continued 
COUNTY MUNICIPALITY POPULATlOM 
1980 1990 2000 2010 2020 2030 
Meade 20,219 23,190 27,052 29,872 33,325 36,388 
Faith 789 905 1,056 1,166 1,300 1,420 
Blackhawk 647 742 866 956 1,066 1,164 
Sturgis 6,248 7,168 8,362 9,234 10,301 11,248 
Rur.a1 12,535 14,377 16,771 18,519 20,660 22,559 
Mellette 2,186 1,8/8 1,692 1,520 !.,448 1,378 
White River 505 434 391 351 334 318 
3rd Class 628 53'J 486 437 416 396 
Rural 1,053 905 815 732 698 664 
Pennington 73,es2 83,001 94,380 102,230 105,778 108,778 
Box Elder 886 996 1,132 1,126 1,269 1,305 
New Underwood 591 664 755 818 846 870 
Rapid City 54,946 61,753 70,219 76,059 78,699 80,931 
Wall 886 996 1,132 1,226 1,269 1,305 
3rd Class 1,113 1,2.10 1,423 1,542 1,595 1,640 
Rural 15,430 17,342 19,719 21,359 22,100 22,727 
Per kina 4,728 4,45.3 4,199 3,949 3,840 3,.723 . 
Lenunon 1,953 1,821 1,800 1,796 1,836 1,851 
3rd Class 383 379 265 155 61 12 
Rural 2,392 2,253 2,124 1,998 1,943 1,884 
Shannon 8,621 8,616 8,585 8,528 8,759 8,991 
Kyle 550 550 548 544 559 574 
Pine Ridge 4,600 4,597 4,581 4,.550 4,674 4,797 
3rd Class 2,160 2,159 2,150 2,137 2,194 2,253 
Rural 1,311 1,310 1,306 1,297 1, 332. 1,367 
Stanley 2,606 2, .6'27 2,640 2,61.5 2,641 2,837 
Ft. Pierre 1,579 1.592 1,600 1,603 1,661 1,719 
Rural 1,027 1,035 1,040 1,042 1,080 1,118 
Todd 7,404 7,900 9,420 11,200 13,766 16,911 
Mission 705 752 897 1,066 1,311 1.610 
Rosebud 2,545 2, 715 3,238 3,850 4,732 5.813 
St. Francia 1,058 1,061 1,265 1,504 1,848 2,270 
Antelope 944 1,033 1,196 1,422 1,748 2,148 
.... 
~ 
3rd Class 897 1,000 1,227 1,460 1,794 2,204 ..... 
Rural 1,255 1,339 1, 597 1,898 2,333 2,866 
Table A.4 Continued 
COONTY MUNICIPALITY 
1980 1990 
TTipp 8,012 7,535 
Winner 3,621 3,046 
3rd Class 739 1,054 
Rural 3,652 3,435 
Waahabauah 1,622 1,803 
Jrd Clase 455 506 
Rural 1,167 1.297 
Ziebac:h 2,508 2,726 
Dupree 607 658 
3rd Claaa 557 604 
Rural 1,344 1,458 
\lee1:r.ru SD 
Without PeDDinaton County 130,374 135,127 
With Pennington County 204,226 218,128 
Municipal 135,265 . 143,697 
Rural 68,961 74,431 
\lith Penningtun County 204,226 :n8, 128 
POPULATION 
2000 2010 
7,068 6,609 
3,195 2,987 
651 610 
3,222 3,012 
.1,999 2,20d 
561 619 
1,438 1,589 
2,929 3,142 
709 761 
650 697 
1,570 1,684 
136,850 139,261 
: . 231,230 241,491 
152 1< 1)77 159,807 
78,553 81,684 
231,230 2.41,491 
2020 
6.389 
2,888 
589 
2,912 
2,523 
708 
1,815 
3,487 
844 
774 
1,869 
145,361 
251,139 
165,860 
'85,279 
251,139 
2030 
6,173 
2,790 
569 
2,814 
2,882 
808 
2,074 
3,874 
936 
858 
2,072 
152,057 
260,838 
172,105 
88,733 
260,835 
t-4 
N 
N 
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TABLE B-1 
MEAN MONTHLY PRECIPITATION TOTALS FOR 1969-78 
Climatic Division 
NW,SW 
6 Div. & BH 
Month NW NC sw CN sc BH . Average· Average 
Jan 0.47 0.42 0.42 0.40 0.39 0.83 0.42 0.49 
Feb 0.1.9 0.46 0.47 0.51 0.62 0.85 0.51 0.52 
Mar 0.93 1.16 1.15 1.20 1.53 1.67 1.19 1.10 
Apr 2.26 2.32 2.58 2.28 2.68 3.24 2.42 2.~0 
. May 3.00 2.82 2.73 2.53 3.30 3.40 2.88 2.94 
June 2.97 . 2.79 2 .. 25 2.35 2.38 3.81 2.55 2.77 
July 1.98 1.87 2.26 2.24 2.71 2.80 2.21 2.18 
Aug 1.22 1.71 1.40 1.63 1.78 1.86 1.55 1.36 
Sept 1.17 1.29 1.15 1.21 1.50 1.36 1.26 1.18 
Oct 1.18 1.18 1.07 1.19 1.37 1.35 1.20 1.15 
Nov 0.60 0.73 0.54 0.58 0.69 0.92 0.63 0.61 
Dec 0.48 0.54 0.38 0.43 0.45 0.86 0.46 0.48 
Annual 16.75 17.29 16.40 16.55 19.40 .22.95 17.28 17.28 
125 
TABLE B-2 
~~ MONTHLY PRECIPITATION TOTALS FOR 1961-78 
CLIMATIC DIVISION 6 Div. NW, SW 
Month NW NC sw CN sc BH Average X BH :verage 
Jan 0.40 0.33 0.38 0.33 0.38 0.73 0.39 0.43 
Feb 0.43 0.41 0.47 0.47 0.56 0.88 0.48 0.50 
Mar 0.79 1.02 0.99 0.97 1.24 1.43 0.99 0.94 
Apr 2.18 2.37 2.30 2.29 2.51 2.88 2.34 2.30 
May 3.01 2.82 2.96 · 2.19 3.25 3.70 2.99 3.07 
.lune 3.41 3.39 3.22 2.96 3.51 4.30 3.33 3.43 
July 1.97 2.08 2.30 2.31 2.82 " 2.84 2.28 2.20 
Aug 1.29 1.81 1.50 1.69 1.92. 1.87 1.61 1.44 
Sept 1.30 1.47 1.22 1.34 1.78 1.63 1.39 1.30 
Oct 0.92 0.98 0.94 0.99 1.15 1.14 0.99 0.95 
Nov 0.48 0.54 0.42 0.41 0.49 Oe74 0.48 0.48 
Dec 0.45 0.50 0.41 0.43 0.48 0.82 0.47 0.47 .-....--- .-.....-_ __.,_.... 
J.nnual 16.63 17 .. 72 17.11 16.98 20.09 22.96 17.74 17.51 
126 
TABLE B-3 
~~ MONTHLY PRECIPITATION TOTALS FOR 1941-70 
NW,SW 
Climatic Divisions ·6 ·niv. & BH % of 
Month NW NC sw CN sc BH Average Average Total 
Jan 0.39 0.45 0.38 0.35 0.44 0.69 0.41 · .0.42 .0250 
Feb 0.39 0.51 0.46 ' 0.52 0.64 0.76 o.so o.so .0297 
Mar 0.65 0.79 0.83 0.82 . 1 •. 16 1.27 0.85 0.79 .0470 
Apr 1.59 1.77 1.87 1.81 2.26 2.38 1.86 1.79 .1064 
May 2.52 2.75 3.04 ')..77 3.11 3.13 2.84 2.86 .1700 
June 3.72 . 3.94 3.68 3.71 4.20 4.27 3.85 3.76 .2236 
July 1.82 2.30 2 .. 11 2.02 "2.42 2.45 2.33 2.08 .1237 
Aug 1.52 2.10 1.61 2.10 2.42 ' 1.73 1.95 1.58 .0939 
Sept 1.26 1.47 1.25 1.46 1.74 1.62 1.44 1.30 .0773 
· Oct 0.77 1.00 0.90 1.01 1.27 1 •. 02 0.99 0.85 .0505 
Nov 0.48 0.55 0.46 0.50 0.71 0.96 0.54 0.52 .0309 
Dec 0.31 0.39 0.36 0.36 0.48 0.71 0.38 0.37 .0220 
Annual 15.42 18.02 16.95 17.43 20.85 21.59 17.94 16.82 1.0 
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Figure B.l NW,SW,BH CLIMATIC DIVISION AREAL AVERAGE PRECIPITATION 
128 
s.ss 
4.81 
! .... a. sa z ... 
i] .... 
~ 
2.SS ... ... 
G. ... 
~ 
1.88 
Figure B.2 
~---
I 
I 
I 
----I 
I I . 
---
• = 1941-1Q72 
........ 1G81-1G7S 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
NORTHWEST CLIMATIC DIVISION PRECIPITATION 
s.sa 
.t.sa 
~ .... 
S.2fS z 
" a ... 
~ .... 24jsa 
H 
Q. .... 
! 
1.00 
-----.. 
----I 
I 
I 
----· 
---. 
129 
1941-1979 
1Se1-1g7e 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Figure B.3 SOUTHWEST CLIMATIC DIVISION PRECIPITATI~~ 
~ ... 
z ... -·e .... 
~ ... .... 
0. 
H 
~ 
4.sa . "' 
s.es ... 
2.SS . . 
.----
. J.SS .. r---· 
~ 
----
--·-
.. ---I 
I 
I : 
......... 
~---, 
I 
I 
. ...... , 
I 
130 
1S41-1G7S 
1Qe1-1;1a 
&sa.----•----•--~•----•--~j--- ~·--~·--~1----•----•~--~·~ 
JAN FES MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Figure B.4 SLACK HILLS CLIMATIC DIVISION PRECIPITATION 
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Table C. I. Selected gaging stations in western South Dakota. 
Geographic Location Stat i on 
Number River at Station Names Legal Desct:iption Lat./Long. 
063578 Grand - Little Eagle 
064520 White - Oacoma 
064645 Keya Pahaa - Wewela 
064415 Bad ~ Ft. Pierre 
063605 More.~u - Whitehorse 
063345 Little Missouri - Camp Crook 
064235 Cheyenne - Wasta 
064380 Belle Fourche - Elm Springs 
064393 Cheyenne - Cherry Creek 
Sec 
~E!4 
SE%SW~ 
s~ 
NV%NW~ 
SW~SE~ 
sw~ 
NE~~ 
NE~Nf% 
NE~t; 
T0\..1'11Ship 
32 20N 
3 103N 
24 95N 
10 4N 
17 15N 
2 18N 
2 IN 
-29 5N 
5 7N 
a represents 61 percent of Ponca Creek and Niobral:'a Tribs Basin. 
Range 
27E 
73W 
76W 
31E 
27E 
1E 
14E 
13E 
·22E 
dd nm ss I ddd mm ss 
45·39·28 I 100·49·04 
43·44·54 I 99·33·22 
43·01·42 I 99·46·45 
44·19·36 I 100·23·02 
45·15·21 I 100·50·33 
45·32·49 I 103·58·23 
44·04·52 I 102·24·03 
44·22·11 I 102·33·56 
45·36·10 I 101·29·24 
~ 
w 
N 
1 
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Appendix D 
MONTHLY INSTREAM FLOW 
.. 
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INSTRE~~ FLOW METHODOLOGY 
According to the methodology developed by Tessmann (1979) to compute 
instream flows: 
E.~treme · fluctuations in periodicity are accomodated by 
applying a compro~ise value of 40% on a monthly basis, with 
some stipulations. During lm·l water :months, lvhen the mean 
monthly flow is less than 40% of mean annual, the mean monthly 
flow is designated as the minimlim flow. This preserves flow 
of low water m~nths. Since a mean flow value is used, there 
will obviously be months when the actual runoff is less than 
mean runoff. The mean monthly flow simply serves as a 
constraint to indicate that no water may be abstracted if 
actual flow is equal to, or less than the mean flow. It is 
not a specification that the minimum flow must be maintained 
at the mean monthly flow because flows of this magnitude can-
not be ~xpected in most years. If the mean monthly flow exceeds 
40% of the mean annual, but 40% of mean annual is designated 
as the minimum monthly flow. If 40% ·of mean monthly exceeds 40% 
of mean annual, then minimum monthly is 40% of mean monthly. A 
summary of · this procedure follows: 
Situation Minimum Monthly Flolv 
1. mean HF<40% mean AF mean MF 
2. mean MF>40% mean AF and 40% mean AF 
40% mean MF<40% mean AF 
3. 40% mean MF>40% mean AF 40% mean MF 
MF = Monthly Flow 
AF -= Annual Flow 
Further, a 14-day period of 200% of mean annual flow is 
Specified during the month of highest runoff for purpose of 
flushing the stream's silt load and flooding streamside hab-
itat. By using this modified procedure, the annual periodicity 
may be mimicked without gross over appropriation of flow. 
Table D.l. Monthly minimUM instreaa flov at Camp Cr.ook, Little Mie~ouri R!v~r ba~ed on 1961-1978 ~an flowa 
STATION NUMBER 3945 
.MEAN ANNUAL 
156.63 CFS 
JANUARY 
FEBRUARY · 
MARCH 
APRIL 
MAY 
JUNE 
.JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 
• 3 <MEAN ANNUAL> 
46.99 CFS 
MEAN 
MONTHLYCCFS>•• 
8. 12 (0. 017) 
63. 2 e em. 1 S4> 
413.72(0.876) 
2ea. 54 ce. e 15> 
472. SB C1. "~a> 
s7a. 94 ca .. 1ea> 
ea. 11 ca. th·l> 
22. 14 ca. f14 7> 
24. te ca. 051> 
&4.B7ca.2ea> 
12. 03 ca. ~25> 
a. e2 ca. mt-4> 
• 5 <MEAN .A.NNUAL) 
78.31 C:FS 
MINIMUM 
MONTHLY<CFS>•• 
8. 12 (0. '-'117) 
4a .. ggca.2!9a> 
124. 12 «'J. 263) 
145. 27 ce. saa> 
27a. gg ca. 57 4>-
. 1ea. 47 ca. se9> 
7B. at ca. 166> 
22. 14 ca. 04 7> 
2~. te ca. e5t> 
4B. gg ca. ege> 
12. ea (0. e2s> 
e. e2 ca. S14> 
2. B <MEAN ANNUAL> 
313.25 CFS 
~ FLUSHING RECOMMa~DATIDN 
MAY 
14 DAYS AT 313.25 CFS 
17 DAYS AT 238.19 CFS 
· MINIMUM ANNUAL FLOW 
91.3g CFS 
OR 
59883. 31 ACRE-FT /YEAR 
**FIGURES IN PARENTHESES ARE FRACTIONS 
OF GREATEST MEAN MONTHL V FLOW ..... 
VJ 
U1 
Table D.2. Monthly win1mua inetream flov. at Little !qle, . Grand .. Uver based on 1961-1978 mean flows 
STATION NUMBER 3578 
MEAN ANNUAL 
279.13 CFS 
• a CMEAN ANNUAL) 
JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 
89.74 CFS 
MEAN 
MONTHLYeCFS>•• 
84. sa. em~ raera> 
98. 87 ("· 1 12J5) 
942. 71 e1. QJ!312J) 
897. 25 C12J. 7 413> 
491. 20 ca. 521> 
435. 29 era. 462> 
1 es. 1e ca. 19r·"> 
1G57. 76 ei2J. 114) 
e6. ee ca. 1"3> 
s4. 49 era. 1 era> 
e4. 14 era. raee> 
SQ,.S3C"·"-'2> 
• 5 CMEAN ANNUAL) 
139.57 CFS 
MINIMUM 
MONTHLYeCFS>•• 
83. 7 .:a. ca. rase> 
83. 7 4 (12J. rzl89) 
4Si!J7. 21 (Ji!. 432)1t 
S4B. 62 C12J. 9712J) 
245. ea era. 261> 
217. 61 C"· 2S1) 
199. 57 era. 1 ~a> 
112J7. 76 ei(J. 114) 
AS. 89 C2. 112J3) 
ea. 7 4 ca .. :ase> 
84. 14 ca. mea> 
as. sa <121. 12!42> 
2. B <MEAN ANNUAL) 
559.27 CFS 
• FLUSHING RECOMMENDATION 
MARCH 
14 DAYS AT 558.27 CFS 
17 DAYS AT 282.81 CFS 
MINIMUM ANNUAL FLOW 
160.15 CFS 
' DR 
11Sa45.Q8 ACRE-FTIYEAR 
**FIGURES IN PARENTHESES ARE FRACTIONS 
DF GREATEST MEAN ~ONTHLY FLOW ... w 
0\ 
Table D.3. Monthly ~ inatreaa flow near White Horae, Moreau River baaed oa 1961-1978 .. an flows 
STATION NUMBER SB~3 
• MEAN ANNUAL 
253.~7 CFS 
JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 
• 3 <MEAN ANNUAL) 
76.m4 CFS 
MEAN 
lAONTHLYCCFS>•• 
12. as ca. 012> 
41i!. sa CI(J. aae> 
1034. 64 (1 . ""'") 
458. 58 '"· 443) 
641. 57 em. 62121> 
s2a. esca. 512> 
199. e4 era. 1 r~> 
42. 45 (0. 941) 
16. 32("· 016) 
sa .. 97 ca. aaa> 
s. sra ca. aCfls> 
2.72<m.razg> 
• 5 CMEAN ANNUAL) 
126.73 CFS 
MlNit-1tJM 
MONTHLYCCFS>** 
12. 65 ("· 912) 
4~. sa <a~ mae> 
399 . 15 (3. :986>* 
229. 29(3.222) 
s221. 79 ca. 310> 
264. 98 (f(J. 256) 
126. 73 '"· 122) 
42. 45 ("· "41) 
16. 32 ("· "16) 
se. 97 <((f. aae> 
5. 51i5 (9. 2i"S) 
2. 72 ( "· "~3) 
2.S<MEAN ANNUAL> 
5ta6.93 CFS 
• FLUSHING RECOMMENDATION 
MARCH 
14 DAYS AT 5ta6.93 CFS 
17 DAYS AT S1B.S9 CFS 
MINIMUM ANNUAL FLOW 
125o-4B CFS 
OR 
907BB.25 ACRE-FTIYEAR 
••FIGURES IN PARENTHESES ARE FRACTIONS 
OF GREATEST MEAN MONTHLY FLOW .... 
w ..... 
· Table D.4. Monthly atntaua iuotreaa flow near Faraingdale• Rapid Creek baaed oa 1961-1978 aean f1owa 
STATION NUMBER 4215 
· MEAN ANNUAL 
64.46 CFS 
JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 
• g <MEAN ANNUAL) 
19.S4 CFS 
MEAN 
MONTHLYCCFS>•• 
as. ss ca. 21a> 
41. 44 (fa. 249) 
e1. se <a. ase> 
85.~2(S.51Qf) 
118. 75 (CZJ. 712) 
1 ea. 72 < 1. "3"> 
76. as ca. 45t..;J 
aa .. 7 4 cz. 1 e4> 
as. 45 ca. 21 s> 
.s.a. 41 ca. 243> 
43. as ca. 264> 
S7. ga ca. 22&> 
• 5 <MEAN /,NNUAL) 
S2.23 CFS 
MINIMUM 
MONTHLY<CFS>•• 
19. 34 ca. 11e> 
19. 34 <~. 116) 
1e. B4 <a. 11e> 
42. 51 ca. 255, 
59. as <~. ass> 
1 "'· 62 <B. 628)1t 
ae. ea ca. 22e> 
sa. 7 4 c~. 1 e4> 
32. 23 (~. 1 93) 
19. 34 <121. 116) 
1Q .. 34 ca. 116> 
19. 34 c". 116) 
2. t! <MEAN ANNUAU 
12S.Q3 CFS 
• FLUSHING RECOMMENDATION 
JUNE 
14 DAYS AT 129.93 CFS 
I . 
16 DAYS .AT BS.SB CFS 
MINIMUM ANNUAL FLOW 
·ss.24 CFS 
OR 
25516.83 ACRE-FTIYEAR 
**FIGURES IN PARENTHESES ARE FRACTIONS 
DF GREATEST MEAN i40NTHLY FL.OW ..... 
U) 
00 
Table D.5. Monthly wfn1wua tnatreaa flov near Wasta• Uppe~ Cheyenne River based OD 1961-1978 mean flova 
STATION NU~BER 423S 
· MEAN ANNUAL 
3<45.Sa CFS 
• 3 <MEAN ANNUAL) 
J.4.NUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
. OCTOBER 
NOVEMBER 
DECEMBER 
1a3.77 CFS 
MEAN 
MONTHLY CCFS> ** 
91. 89 (if. 371) 
141. 84 (~. 110> 
sse. 99 <a. 276> 
457. -41 ("· 355) 
731. 47 (St'J. 567) 
12ea. 27 <1. a~m 
43S. 49 Gl. 33P., 
1a1. m ca. 125> 
124. 7S «!. ~97) 
13a. 79 ca. 1 a a> 
12a. 21 ca. aaa> 
sa. ~~ <121. IZJ7S> 
-
• S CM~AN ANNUAL> 
172.e5 CFS 
MINi t~Ut4 
MONTI-tL '( CCFS> •• 
a1. sg ca. lit71> 
t9a .. 77 <a. 121ea> 
1 ~c. s2 «5. ~a g) 
228. 70 (13. 177, 
965.74 «!. 284) 
9ea. as <a. 517)tt 
217. 72 (9. 169) 
1a1. L17 aa. 125> 
124. 75 <a. ~97) 
1~s. 77 ca. 0em 
1~. 77 ce. mem 
so.•~<a.mS> 
2. S <MEAN ANNUAL) 
691.81 CFS 
. • FLUSHING RECOMMENDATION 
JUNE 
14 CAYS AT 891.81 CFS 
18 CAYS AT 644. 63 CFS 
MIN I ltlUM ANNUAL. F' .. OW 
1!37.32 CFS 
OR 
1~288~.54 ACRE-FTIVEAR 
**FIGURES IN PARENTHESES ARE FRACTIONS 
OF CREA TEST MEAN ~-:ONTHL. Y FL.CW .... 
VJ 
\0 
Table D.6. MOBthly .tDiBua inatreaa flow above Belle Pourcbe, Redwater River baaed on 1961-1978 mea~ fl~ 
STATION NUMBER 433a 
. MEAN ANNUAL 
152.14 CFS 
• 9 CMEAN ANNUAL) 
. 45.64 CFS 
MEAN 
MONTHLYCCFS>•• 
JANUARY 138. ~5 .<kl. 481) 
FEBRUARY 149 .. 78 (rzJ. 5 22) 
MARCH 158. 83 ((2J. 554) 
APRIL 195. 17 (QJ. 691) 
MAY 286. 76 (1. "'"") 
JUNE 248. 54 ca. ee7> 
JULY 69. 31 (QJ .. 24?) 
AUGUST 49. 59 <a. 169) 
SEPTEMBER 1 rzJ2. 96 CB. 359) 
. OCTOBER 135. 37 '"· 4 72) 
NOVEMBER 1sa. 43 ca. s2s> 
DECEMBER t«. se <a. 5214> 
• 5 <MEAN ANNUAL) 2. 8 CMEAN ANNUAL> 
76.07 CF~ 304.29 CFS 
MINIMUM 
MONTHLYCCFS>•• 
45 . 64 (0. 159) 
45. 64 (~. 159) 
47. BS <rzJ .. 166) • FLUSHit~G RECOMMENDATION 
97. 58 (rzJ. 340) MAY 
21a. ~s m. 753:. 14 DAYS AT SB4.29 CFS 
{ 
124 .. 27 (" .. 43:3) 17 DAYS AT 143.98 CFS 
-
ee. 91 ca. 242> MINIMUM ANNUAL FLOW 
48. 59 (rzJ. 169) 75.73 CFS 
76. 07 (~. 265) OR 
45. 84 ("· 159) 54828. 79 ACRE-FT /YEAR 
45-. 64 (3. 159) 
4S. 84 cg. 159) 
•*FIGURES IN PARENTHESES ARE FRACTIONS 
OF GREAT!::ST MEAN MONTHLY FLOW ..... 
~ 
0 
· Table D.7. Monthly atnt.ua inetTeam flow near !la Springs. Belle Fourehe !i.ar baaed on 1961-1978 mean flowa 
STATION NUMBER ~381 
· MEAN ANNUAL 
399.17 CFS 
• 3 <MEAN ANNUAL) 
JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 
119.75 CFS 
MEAN 
MONTHLY<CFS>•• 
23. 71 ("· "19) 
ge.egc".a7e> 
488. 21 (12JG 391) 
545. 2a ca. 437> 
1247. 87 (1. 0012!) 
1101,. 06 m. 946> 
a ea. B4 c0. s 1 ~> 
S37. gg <12!. 271) 
249. S7 <a. 2~0> 
12s. 1s ca. 1ae> 
· 54. 57 ca. B44> 
S5.83(QJ.QJ2Q) 
• 5 <MEAN ANNUAL) 
199.58 CFS 
MINI~1U~1 
MONTHLY CCFS>. ** 
23. 71 C~. B19) 
ga. ee <12f. ta7B) 
146. 48 (13. 117) 
272. as ca • . 21e> 
7 02. 59 (~. 563)1t 
sa a. 53 ca. 4 7S) 
1 99.· 58 (12J. 16") 
1 gg. 58 (~. 16G::J) 
199. sa ca. 1ea> 
11 e. 75 ca. aea> 
s..c.. 57 c121. ra44> 
ss. 83 (12J. 12J29) 
2. fJ <MEAN ANNUAL.) 
799.33 CFS 
· • FLUSHING RECOMMENDATION 
MAY 
1~ DAYS AT 798.33 CFS 
17 DAYS AT e23.93 CFS 
MINIMUM ANNUAL FLOW 
2212J.S6 CFS 
OR 
159543.72 ACRE-FTIYEAR 
**FIGURES IN PARENTHESES ARE. FRACTIONS 
OF GREATEST MEAN MONTHLY FLOW .... ~ .... 
Table D.8. Mcmthly II1.D1a\B inetrea tlov at Cherry Creek, Cheyemte liver ba~ed OD 1961-1978 aean flove 
STATION NUMBER 4393 
.MEAN ANNUAL 
977.54 CFS 
• 3 <MEAN ANNUAL) 
263.26 CFS 
MEAN 
MONTHLYCCFS>•• 
3ANUARY 1" 1. 2e c". a3B> 
FEBRUARY 2ea. 43 ca. 1 a7> 
MARCH 1se2. ~e aa. 495> 
APRIL 1228. 46 <D. 44~) 
MAY 2323. 21 G!J. 831) 
JUNE 2794. 17 <1. e~a> 
.JULY 917. ea ca. s2e> 
AUGUST 491.71 m. 17B> 
SEPTEMBER S7s. "e ca. 134> 
OCTOBER 2es. 2e ca. 1 a2> 
NOVEMBER 191. ra4 ca. aee> 
OECa1BER 122. 71 em. m44> 
• 5 <MEAN ANNUAL) 
439.77 CFS 
MINIMUM 
MONTHLYCCFS>•• 
1a1. 2a <0. eae> 
263. 26 cc. 2794) 
414. 62 ca. 148> 
814. 23 ca. 22a> 
1181. 61 021. 416) 
1564. 15 m. saeY. 
458. g2·m. 1 e4> 
43e. 77 ca. 157> 
373. "a ce. 1 34> 
2es. 2e ca. 2!94> 
1 g 1. e4 ca. aea> 
122. 71 ca. 2144> 
2. 2l <MEAN ANNUAU 
175:5.218 CFS 
~ FLUSHING RECOMMENDATION 
.JUNE 
14 DAYS AT 175S.B9 CFS 
18 DAYS AT 1397.a9 CFS 
MINIMUM ' ANNUAL FLOW 
. 496.79 CFS 
OR 
959649.87 ACRE-FT/YEAR 
**FIGURES IN PARENTHESES ARE FRACTIONS 
OF GREATEST MEAN MONTHLY FLOW ..... 
~ 
N 
!'able D.9. Mollth11 •1Dtala iutr- flow uar Pt. P~ene. !ad liver baeec! OD 1961-1978 Man flove 
STATION NUMBER ~~1S 
. MEAN ANNUAL 
137.67 CFS 
• 3 CMEAN ANNUAL) 
41.Sa CFS 
MEAN 
MONTHL.YCCFS>•• 
JANUARY 2. 75 ca. ems> 
FEBRUARY 78. 9<4 em. 144> 
MARCH s1a. 25 c1. e~a> 
APRIL S45.79Cta.674) 
MAY 259. ea ca. sas> 
JUNE S49 .. B4 ca. aa2> 
JULY 7ta~ e0 ca. 139> 
AUGUST 15 .. gg <a. rasa> 
SEPTEMBER 19. 92 (~. 021) 
OCTOBER 1. ae ca. a1s> · 
NOVEMBER 1. 19 (13. 2i"2) 
DECEMBER e. 39 ca. a~t> 
• S CMEI,N ANNUAL.) 
69.84 CFS 
MINIMUM 
MONTHLYCCFS>•• · 
2. 75 (Ia. 0£tl5) 
<41. aa c~. raea> 
2218. 79 (0. 4\07)» 
112. 921 em. 337> 
129. 51 (0 •. 252) 
174. 92 ca .. 341> 
ee. &4 ca. 134> 
ts.aoc"·"aa> 
1g. e2 ca .. a21> 
1. ee ca. a1s> 
1. 19 (13. QJ"2) 
e. sg c0 • .zu21 1 > 
2. e <MEAN ANNUAU 
275.3-4 CFS 
• FLUSHING RECOMMENDATION 
MARCH 
14 DAYS AT 275.94 CFS 
17 DAYS AT 158.98 CFS 
MINIMUM ANNUAL FLOW 
69. 51 Cf-.. S 
OR 
Sa323.43 ACRE-FTIYEAR 
**FICURES IN PARENTHESES ARE FRACTIONS 
OF GREA1'EST MEAN MONTHLY FLOW 
~ 
+:o-
w 
Table D.lO. Monthly llilliaua inetrea11 flow near Oac011a1 White River based on 1961•1978 uan fl:»ve 
STATION NUMBER 4S2m 
. MEAN ANNUAL 
526.91 CFS 
JANUARY 
FEBRUARY . 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST . 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 
• 3 CMEAN Ar!NUAU 
1SB.m7 CFS 
MEAN 
MONTHLYCCFS>•• 
46. 76 ("· 12S31) 
2121a. 24 <a. 1 ae> 
12ae. sa em. a2e> 
1059. ZB <121. 7~9) 
945. 11 (Qt. 633) 
149g. 22 <1. """) 
596. 34 (13. -a99) 
293. ee ca. 1 97> 
1 '2.7. 95 ca. eaa> 
149. 87 ca. 1 as> 
11B. 35 <B. B74) 
49. a4 ca. msa> 
• 5 CM~N ANNUAL> 
263.48 CFS 
MINIMUM 
MONTHLYCCFS>•• 
46. 76 (0. 031) 
1sa. 01 ca. 1 ea> 
37Ea. 95 (9. 248) I 
529. 53 CRt. 355) 
472. 56 <B. 316) 
889. 98 (f2J. 59B>et 
298. 17 <2. 202J) 
263. 46 ((!. 1 76> 
121. gs ca. eee> 
149 .. e1 <a. 1 ma> 
11 a., 35 ca. e74> 
49. Gi4 (Q;. 1333) 
2.9CMEAN ~~AL) 
1m53.B2 CFS 
.• FLUSHING RECOMMENDATION 
.JUNE 
14 DAYS AT 1QJ5S.B2 CFS 
18 DAYS AT 748.81 CFS 
MINIMUM ANNUAL FLOW · 
2G9.'37 CFS 
OR 
228793.38 ACRE-FT/YEAR 
**FIGURES IN PARENTHESES ARE FRACTIONS 
OF GREATEST MEAN hONTHL. Y FLOW 
,.... 
~ 
~ 
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Appendix E 
CHEYENNE RIVER BASIN RUNOFF 
Table E.l. Summary of Cheyenne River Basin surface supplies. 
USGS Station(s) Measured Flow 
Reach Numbers · · · · · ·hn13 (acre..;.ft) · 
Spearfish/Redwater 064330 135.1 
(109,500) 
Belle Fourche above Fruitdale 064360 95.6 
064345 (77,500) 
Belle Fourche .064380 355 . 9 
(288,500) 
Rapid Creek 064215 57.4 
(46,500) 
Above Angostura 064015 . 68.0 
(55,100) 
Elk Creek 064255 21.7 
(17,600) 
Upper Cheyenne 064235 308.1 
(249,800) 
Lower Cheyenne 064393 782.8 
(634,600) 
.... . . . . 
Supplied from 
Natural Sources 
·hm3 (acre..:.ft) 
155.0 
.. (125, 70C) 
85.6 
(69,400) 
440.0 
(356,500) 
62.0 
(50' 300) 
130 o 5 I 
(105,800) 
21.7 
(17,600) 
347.0 
(280,400) 
893.0 
(725,600) 
Minimum Instream 
·hm3 · (acre-ft) 
67.6 
(54 ,800) 
not 
computed 
196.8 
(159,544) 
31.5 
(25,500) 
not 
computed 
not 
computed 
176.0 
(142, 9·oo) 
444.0 
(359,600) 
TDS 
mg/1 
800 
1,100 
1,900 
200 
3,700 
1,400 
1,600 
..... 
.f:-. 
0\ 
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Table E.2. Mean flows measured at Cheyenne River Basin Stations 
1961-1978. ' 
Gaging Station No. Drainage Area Neasured Flow 
(sq ~ mi ~) (acre-feet) 
Cheyenne n. Hot Springs 064005 9,100 105,800 
Fall River 064020 137 18,400 
Beaver Creek 064025 130 5,090 
Battle Creek 064040 66 7,530 
Battle Creek 064060 .178 6,900 
Spring Creek 064085 199 4,190 
Rapid Creek at Farmingdale 064215 602 46,300 
Cheyenne n. Wasta 064235 12,800 249,800 
Elk Creek n. Elm Springs 064255 540 17,600 
Redwater River 064330 920 109,500 
Inlet Canal 064345 119,300 
Belle Fourche n. Fruitdale 064360 4;540 
77,500 
Belle Fourche n. Elm Springs 064380 7,210 
288,500 
Lower Cheyenne 064393 
24,000 634,600 
064395 
...... 
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Table E.3. Computation of mean runoff amounts in the Cheyenne 
River Basin. 
Segment Sq. Miles Acre-Feet Runoff 
Gaging Stations nun (in.) 
Upper Cheyenne River 
Above Angostura 
064005 9,100 105,800 5.54 (0.22) 
Hills Tribs 
Composite 775 45,800 
Net Use -14,480 
· Total 775 31,400 19.3 (0.76) 
Rapid Creek 
064215 602 46,500 
Net Use 3,800 
Total 602 50,300 39.8 (1.5 7) 
Elk Creek 
064255 540 17,600 15.5 (0. 61) 
'Angostura to Mouth Excluding Hills 
Tribs and Rapid Creek 
12,800 249,800 064235 
064255 +540 +17,600 
064005 -9,100 -55,100 
064215 -602 -46,538 
Net Use -59,100 
Total 3,638 106,700 14.0 
(0.55) 
Belle Fourche River 
Spearfish/Redwater 
920 109,500 064330 
Net Use +16,200 
Total 920 
125,700 65.1 (2.56) 
Above Fruitdale 
4,540 77,500 064360 
064345 
+119,300 
-920 -109,500 064330 +15,800 
Keyhole -17,900 
Net Use 3,620 69,400 9.13 (0.36) Total 
-
149 
Table E.3. (coot.) 
Segment Sq. Miles Acre-Feet Runoff 
Gagirt~ Stations mm (in.) 
Fruitdale to Elm Springs 
064380 7,210 288,500 
064360 4,540 -77,500 
Groundwater -43J600 
Net Use - 6,000 
Total 2,670 161,400 28.8 (1.13) 
Lower Cheyenne 
064393 23,900 635,000 
064235 -12,800 -249,800 
064255 -540 -17,600 
064380 -7,210 -288,500 
Net Use +9,600 
Total 3,350 88,700 12.2 (O .'J8) 
* Hills Tribs area constitutes approximately .one-fourth of the watershed 
between Wasta and AngostGra (Rapid Creek not included) or 775 sq. mi • 
. By averaging the available Hills streams gaging stations in this area 
an estimate of the Cheyenne River flow contribute~ by this area was 
made. 
064020 
064025 
064040 
064060 
064085 
Total 
137 
130 
66 
178 
199 
710 
18,400 
5,090 
7,530 
6!900 
4,190 
42,110 
Please note that this is not necessarily runoff. 
28.2 (1.11) 
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Appendix F 
MUNICIPAL WATER SUPPLIES 
151 
Table F.l. Municipal water s~pply systems deficiencie~, January 1979 1 
Municipality Supply source2 Supply problem3 
Bastes land GW-BR s. 
Belle Fourche In. Galle-ry Qn 
Belvidere GW-BR s. 
Bison GW-BR Ql 
Black Hawk GW-BR n. 
Bonesteel GW-SFC n. 
Box Elder GW;-BR n. 
Buffalo_ GW-SFC ql. 
Buffalo Gap GW-BR n. 
Burke GW-BR n. 
Colome GW-SFC n. 
Custer GW-BR n. 
Dallas GW-SFC n. 
· Deadwood Homestake mining n. 
Draper GW-BR Ql 
Dupree4 GW-BR Ql,s. 
Eagle Butte Fox Ridge RWS n. 
Edgemont GW-BR Ql 
152 
Muni~ip ality Supply source Supply problem 
Fairfax Springs n.,s. 
Faith Durkee Lake Qn. 
Ft. Pierre GW-SFC no 
Fruitdale GW-BR Ql,so 
Gregory GW-SFC no 
Hermosa GW-BR no 
Herrick GW-SFC n. 
Hill City GW-BR Do 
Hot Springs Hot Spring n. 
Interior GW-SFC So 
Isabel Isabel Lake Qn 
Kadoka GW-BR Ql 
Kennebec Lake Byre Qn 
Lead Homestake mining Do 
Lemmon GW-BR Ql 
Martin GW-BR no 
Mcintosh GW-BR Ql 
McLaughlin GW-BR Do 
Midland GW-BR Ql,no 
Mission GW-SFC Do 
Morristown GW-BR Ql 
153 
Municipality Supply source SUpply source 
Murdo SFC/GW-BR Ql 
Newell GW-BR n. 
New Underwood GW-:SR Qn,s. 
Nisland GW-BR n. 
Oacoma GW-BR Ql,s. 
Oelricks GW-SFC Ql,s. 
Philip SFC/G'il--BR Ql,Qn 
Preaho GW-BR Ql 
Provo GW-BR (Igloo Water Co.) Ql 
Quinn GW-BR s. 
Rapid City SFC n. 
Reliance GW-BR n. 
St. Francis GW-BR ·n. 
St. Onge GW-BR s. 
Scenic GW-SFC s. 
Spearfish SFC/GW-SFC Qn 
Sturgis SFC/GW-SFC Qn 
Timber Lake GW-SFC n. 
Vnle GW-BR . s. 
Vivian GW-BR Ql,s. 
Wall GW-BR n. 
.. 
Municipality Supply source Supply problem 
Wasta ~'W-SFC n. 
White River GW-SFC n. 
White-;v-ood Spring/ GW-BR · n. 
Winner GW-S~C n. 
tJitten GW-BR - Ql,s. 
-----1Data Taken from South Dakota Public Water Supply 
Data; 1979o 
2~w n Groundwater 
BR c Bedxock aquifer 
SFC = Surficial aquifer 
RWS = Rural water system 
3Qn c Quantity deficiency 
Ql a Quality deficiency 
s. • No standby or backup 
n. • None 
4Scheduled for addition to Tri-County RWS (formerly 
Ridge Fox) 
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